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Trae Tales: OF Past, Present, And Futurs

-could have Bean an altemative title for this book, Tha
Etree [n the picture above records four phases of ecologic
history dating back about 30 years, The growth forms of
wounger brees record current conditions, Knowledge of
past and currsnt conditions opens a windaw to the future,
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CHAPTER 1 S

INTRODUCTION

Land managers are often faced with the prablem of
describing the impact of ungulatas on browse plants.
A manager might ask the fellowing questions:

1. How should T describe the current Level of
braowsing?

2. Will trees and shrubs grow tall? Will thay atkain
their typical stature?

3, Is the current situation unusval compared to the
situation that prevailed histarically?

4, IF browsing currently prevents yaung plants from

growing to their typical statwie, how long will it be
befare ke oldes, tall treas and shrubs dia?

There are several existing methods of browse eveluation.
This book describes o new method, one that is based an
the effect that browsing has on the architecture—that
i% the shape—of trecs and shrukbs,

Why is 8 new method warranled? In part, because
previous methads are time consuming. Also, it is often

difficult to interpret the results of surveys using previcus
methnds,

An architecture-based survey can be conducted in as
littla as an hour. The interpretation of an architecture-
hased survey is straight forwand. The focus: WAll trees
and shrubs grow to their gypical stature?



Wiy iz growth to typical stature important? Given the
complaxity of ecological systems, it would be impossibla
to foresae all of the implications of heawy ungulate usa.
But we can assume that full-statured trees and shrubs
are fundamantally important Lo the acosystem.

In Chaptar 2 wa describe the history of measuring browse
utilization. Some of these methods describe certain
aspects of browse-use more precisely than does the
architecture=based method. But as we peint out, iTis
often difficult o relate thase measurements b specific
ecologic impacks,

In Chapter 3 we mesenl Use gensal concepts. First we
dascriie how woedy plants qrow in tha absence of
browsing. Wa then describe how browsing may alter a
plant’s architecture, and preseat four basic typas of
architecture that are produced by hrowsing:

1. Uninterrupted-growth type (produced by light-to-
moderate browsing),

2. Arrested-type [produced by inkense browsing],

3. Retragressed-type (praduced by a change from Light-
to-maderate browsing to inkbense browsing), and

4, Peleased-type [praduced by a change from intense
browsing to light-te-moderate brawsing).

These architectures are produced during the time that
thee Lenninal Leader grows within the browse zone. The
effect of browsing on the terminal leader is retained in
the architecture of tha Lower stem throughout the life of
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the plant. By examining plants of differant age, ana can
recanstruck the histary of browsing that ocourred aka
site.

The remaindar af the baak, from Chaptar & onward,
daescribes how to conduct an architecture-based sumvey,
Two lavels of survey are described: reconnaissance-level
and com prahensive-level.

A reconnaiszance-level survey inclisdes: 1) a qualitative
braweing histony, 2) debermining the current browsing
level, and pokantially 3) the monitoring of short-term
trends. It should be passible to conduct a
recannaissance-level surrey in about an hour.

& camprehensive-lawvel survay includes; 1) a
recannaissance level survey, 2) daterming the net annual
grawth rake of some salected browse species, and 3)
reconstructing the long-term year-by-year browsing
histony of the site. This additional inFormation allows
ane ta place the current situation in a historical context.
Az in the reconnaissance-level survey, a manager may
elact to manitor short-term trends.

& Flowehart on the following page descrbes the
relationship between the differert survey elements,



BROWSE SURVEY SEQUENCE

Qualitative Browsing History I

Measure Current Browsing Level

Result:
Parcent plants intensely browsed,

Comprehensive-
Lewvel Survey

Determine Historic
Browsing Leval

Jezult:
1, Current growlh rabe

£, History

Beconnaissance-lesel
Survey

Place the Cument Condition
in a Historic Contoxt

Resiits

L WIll plants grose “tall#”

2. It current situation unosual ?

4

Document engoing trend
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Suitable Browse Species

Mast methods described in this baak ame suitable far
browse species with relatively straight-growing primary
stems, Some examples include aspen, pire, Douglas fir,
spruce, willows, chokecherry, serviceberry, alder, and
birch. The current brawsing level can be classified for all
such species,

Same methods of history reconstuction ame based an the
cluster of twigs that form in responss to browsing in
same species, Such clusters form in willow, aspen,
chokecherny, serviceberry, alder and Birch, Becawse
comifer kranches do not form similar bwig clusters, the
dating methad cannat be applied to conifer species.

The methods are not appropriate for plants, such as
sagebrush, that have a contorted growth habit,

The methad works best for those species that typically
grow taller than 2.5 m. We use grawth to that height as
& classification criterion. I the species does not typically
grow to &5 m, the effect of browsing cannot be fully
classified,

Recormmended: ospen, tall willows, chokechers
senvicebery bivoh, ond aldern

The fong-tevm histony recavtstrachion descrifed fr
Chapter & cowld be brsed on aspen or conifers.




How To Use This Book

We assume that the reader has become familiar with the
general architecture concepts deseribed in Chapter 3 and
has been assigned to conduct a comprehensiveslevel
gurvey of some qiven anea, As examples, we use a seres
of cose studies that were conducted from Che Wisdom
District of the Beaverhead=Dearlodge Matéenal Forest,

We describie in Chapter & how to begin a sursey with a
qualitative browsing bistory, The Ristory 35 described by
placing symbols of the architecture-types along an
appraximate bimeline, Suggested symbols are describad in
Apperdix 11,

The qualitative history provides an overview of Lhe
corditivns that gccur throughout the area, Based on
those observations, the manacer 15 better able to decids
where to locate individual study sites.

Chapter & describes how o establish sample sites and
classify the current level of browsing For a given species
within tle sibe, Twenky plants ane classified as being
aither: 1) intensely biowsed, or 23 Light-to-modaratoly
browsad. The data are recorded an the sample site's data
sheet.

[ ane were conducting 8 reconnaissance-level survey, this
i5 Ehe anly information that would be recorded on the
site’s data sheet, When conducting a comprehensive-level
survey, stems from each of the 20 plants are classified and
measuied. In addition, sections are cul to determine age,
For the sake of clarity,. the helght and age data are
omitted from the data sheet presented in Chapter 5.
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AL this peint 2 persan conducting a reconnzissance-level
survey would proceed to Chapter & Manitoring Short-tarm
Trends. A person conducting @ comprehensive-lavel sunsey
would proceed e Chapter 6: Quantitative Browsing
Hislory,

In the beginning of Chapter 6 we focus an the situation
that usually prompts the initiation af a suray: brravesi mg
was suspected to be intense. We describe methods of
determining when the intense hrowsing might have begun
and methads of determining the net annual growth rate
cwief that periad. This can he accamplished with browse
cpecies that preduce a cluster of twigs in response to
browsing. The data are collecked at the same time that
the plants are classifisd and on the Site Data Sheet.

In the latter part of Chapter & we describe how to
recorstruct the long-term histary of browsing at the sike.

In Chapker 7, we describe how ta detarmine the
probahility that the plants will grow to their typical
slabure, We use growth to 2.5 m as a critericn. If one
wishes to incorporate this aspect into the survey, one
sk have selected a browse species that typically grows
taller tham 2.5 m.

We address the isspe: Is the cument siteation wnwseal
campared with the situation that prevailed historically
The amswer to Ehis question may pravide guidanca far
lang-range planning. We also zddrass methods of
assessing the rate of decline in struckural diversity. The
rate of decline may indicate how urgent it is to change
management.



In Chapler & we describe a method of monitoring short-
term Lrends, These measurement should provide Feedback
Ex managers wha want to know as soan as possible the
result of changes in management,

Thiz haaok presents a methad for evaluating condition and
trend. A secand volume on distinguishing bebween
wildlife and livastack use is in progress,
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CHAPTER 2 b=

HISTORY AND DEVELOPMENT OF
METHODS TO MEASURE BROWSE USE

Simce the 1930s, land managers thraughaut the waskern
Unibed Stabes have developed and utilized techniques for
meazuring and monitaring the affects of browsing by
Large wild and domestic ungulates on tress and shrubs.

Monitoring Effects Of Browsing

A orathed for collecting information necessany 1o manage
rangelands and watersheds usad by domastic livestock
was developed by Nelson (1930), Melson's approach
utilized methads far mapping shrub cover and was the
first to determine utilization levels by calculating
percentages from differences hatwesn twig lengths
before ard after wse, He alse emphasized that the
repaated remaval of tarminal and lzteral buds by
browsing animals can lead to redwced vigor and eventual
death of plants. His methods were applied on a Large
scale im the W5, Forast Service's Intermountain Begion to
datermina haw browse plants can be safely used as kg



game wintar faad. The approach was also applied on the
Kaibals Hational Ferest and recommanded as a possible
mzans ta determine relztive abundance of game
pepulations in areas where more reliable census
techniques could not be applied {Lacke 1930). Methods
described by fNelson {1930) were adapted by Aldous
(19453 Far use in big game managemant and they bocame
a2 widely wsed game management tool. They were later
emplayed by the state of Ukah with modifications by
Smith and Urness {1962},

Key area concept

A num ber of accepted range survey methads were
evaluated by Dasmann {1948} to determine those best
suited for use in management of deer ranges, Dasmann
described the key area concept, which emphasizes
monttaring of plants in areas where animals naturally
concentrate an winter ranges. This quote from Dasmann’s
paper describes his rabional for the key area concept ..”
it fallaws where vagetation on such key areas is not
overcropped, overcropping showld not ocour generally
over the balance of the range.” Dasmann recommended
usimy forage ulilization chacks of key plants on key areas
as the mast direct and reliable method by which to direct
deer management control programs. In a later
publication, Dasmann [1951) described a series of
methods designed to provide infermation neaded to
balznce deer numbers against deer forage supply. He
proposed elght different form classes in which individual
browse plants could be placed as an index of the degres
of past use and availahility to browsing animals.
Dasmznn {1951) also provided 2 methodolegy for sorting
nuk differences katween use by deer and livestock.

14
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Fethods For monitedeg condition and trend of browss
ranges based an degree of utilization and magnitude of
decadence were alse developed by Cole (1558, 1959],
Patton and Hall (1966), Wallma et al. (1977) and othars.
Typically, the methods estimate utilization and place
shrubs in one of several different form classes. Wildiife
managers have attampted to use these methods (o
carrelate deer pepulation trend and production with
changing range conditions resulting From utilization of
shrubs on winter range,

In 1958 tha Mantana Fish & Game Department adopted
the Cole (1958, 1950 “key browse” method as a stancard
for monitering deer winker range condition and attempted
to hase deer harvest management an data collectzd From
these surveys (Mackie 1974). During the 1960s, game
managers and hiolegists began expressing concem about
inadeguacies of the “key browse” method.

As o result, the Montana Fish & Game Deparbment initiated
a research project in 1967 to evaluate the method (Mackie
1572), An analysis of the Cole {1958, 1959} method by
Mackie and Lenner (142 7) revealed major inadeguacies,
They found great variability depending on sampling effort,
diffarences between individuzl examiners in estimation of
degree of utilization, and differencas in perception as to
farm class.

The Cole {1958, 1959) method did not provide reliable
measures of ubilization, range condition, er trend {Mackie
and Lanner 197 7). There was little consistent correlation
between deer population trend, fawn production, Fawn
survival, and measured key Brawse uiilization, condition,
and brend. Mone of the range evaluation procedures
adopted for North America to help game managers keep

11



deer populations in balance with their habitzt have
demonstrakted a measurable relabionship bebweaen the
habitat and its carnying capacity. Wallme, at al (1977)
prapazed evaluating habitat carning capacity on 2
nutritional hasis,

Measuring Utilization

Mary of the traditianal methods for monitoring or
evaluating the effects af browsing on habitat and animal
carnring capacity include ublization measurements. A
number of approaches were developed o improve
accuracy, This section summarizes efforts to imprave the
accuracy of utilization measurements.

Methods

Methads for estimating utilization based on the kotal
percentage of available twigs biowsed were developed by
Dasmann (1948), Cole {1959 and athers. 3tickney (1966
rafined thiz approach by counting the number of taigs
browsed on a sample of plants and applied regression
analysis to estimate utilizatien. Others proposed deriving
utilization astimazes based on length measurements fram
browsed bwigs (Nelsan 1930, Julandar 1937, Aldous
T545].

A mathod for dezermining wtilization from tha
relationship between bitterhrush twig diamaters and their
langths and waights using regression analysis was
described by Basile and Hutchings {1966}, A shrub
utilization mathod based on the total weight of the plant
was proposed by Schumtz [1983).

12
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Comparison and evaluation of methods

A comparison of utilization measuraments using
twig-length methods with those based on numbars af
twigs browsed concluded twig-length measuresment data
Wi more consistent among observars than estimates of
number of twigs browsed (Jensen and Scotter 1977,
However, measuring twing lengths required about four
times as meamy man-hours as estimating percentages of
browsed Lwigs, o counting the number of bwigs.

Stickney {1966} similarly found that counting the
number of twigs requires significantly less bime than
neasuring bwig lengths, Schuster (1965] found the best
predictor of yields of deer browse was achieved by using
a combination of twig numbers and langth. Litilizatian
levels based on number of twigs brawsed were higher
than utibization lawels based an twig length
measurements (Jensen and Scotter 1377),

Technigues depending on the number of browsed twigs,
without regard to weight consumed, are genarally
restrickad ko astablishing utilizabion at levels less than
60 percent of the weight (Jensen and Scokter 1977 Far
cnowberry [Spmphoricarpus oreophilus) estimating
ubilization frem number of browsed stems becomes
invalid at the 10 parcent usa Lavel (Ruyle ot al. 1933).

A main problam with estimating or counting the number
af bwigs browsed i an inability to provide adequate
information to managers, as ublization frequently
exceeds 50 percent on big game winter rangas which is
beyond tha accuracy leval of the methodolegy,

13



Detenmining ubilization frem baig length measeremants
pravides a relatively mora precise value, hut is very fime
censuming. Jensen and Urness {1981} found a strong
correlation between utilization estimates bzsed on twig
Lengths befome and after browsing and an approach based
an mezsuring twig diameters sfrer browsing. Estimates
based on teiyg weight were mone accurate than those
bazad an twig length (Rumble 1985, Provenza and Lmess
1981},

ULilization and production was estimated using
photagraphs of shrubs takan against a ene-inch grid
thpringfield 1974} Height, crown width, and crown area
vere used by Rittenhause and Sneva (1974) to estimate
produstion of big sagebrush. Lyon {(1%68) concluded
chrub crawn measurements when canverted ta an
expression of volume and combined with twig production
data can prawide a quick and acceptably accurate method
for measuring browse plants,

Since Melson (1930) proposed incorporating wtilization
methods into the evaluabion af condition and trend of
browse ranges, Land managers have tried to resolve
inadequzcias in Llinking measurable habitat actributes
with habitat carryving capacity, No one has successfully
pstablished that cannacticn (Mackie and Lonner 1GF7F,
Wallmo et 2l 1977).

Methods For Describing Browse Rangas

A variety of methads have been developed for describing
shrubland plant communities, The various approaches

14
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often describe plant communities in terms of densily or
number of plants per unit area, canopy coveraga,
frequency, and species compasitian, Some melhods alse
include an estimate of praductivn and describe soils and
magnitude of sail erasion. There has been little
standardization ar general aceeplance of a standard
method, Many investigators have modified existing
methods in attempts Lo improve accuracy or make them
Rt their specific investigative needs. In this saction, a
few of the more commonly used methods are briefly
describued,

Line intercept method

A method for sampling vagetation along a transect ling
was descrined hy Weaver and Clements (1929). A
streamlined appraach wes described by Canfisld (1941
and 1942% This mathed For vegetation sampling is based
on the measurement of all plants intercepted by the
vertical plane along randamly located lines of equal
length, A Ling transect with length and vertical
dimencizn, but not width, is used, & direct intercapt of
the plant through the vertical plane is recorded, Density,
composition, and acalogical struckur of the vegekation
are alto estimated,

The ling intercept method is popular for measuring low
shrubs and bunchgrass plants, but is a cumberseme
method for measuring annuals, With modificztion, the
line intercept methed can be usad be estimate utilizabion
and forage valume, Recommandations for improving
accuracy af the line intercept method were describad by
Hermay (1945],

15



Daubenmire canopy coverage method

Daubenmire {1959} descrihed & method for measwring
canopy coverage, species camposition, and frequency of
prourrence using a 20X 50 cm frame placed along a e
(tape). Daubenmire recommends a sample size of
measurements from 40 frames alang the transect Line,
Canopy coveraga for each taxon i5 recorded by assigning
ohe of Lix coverage classas ( 0-5, 5-25, 25-50, KO-73,
7504, 95-100 %). An average coverage For tha series of
plots based on the midpoint of each class is used. The
methad was develapad in the semi-desert, grassland, and
forest wegetation of eastern Washington and has been
applied in a wide variety of plant communities whera
planls are not much mare than ona meter tall, IL s a
relatively time efficient invenlory method.

The 3-step method and 13-foot browse method

During the 1950s a method for invenlorying vegatation
and monitaring conditian and trend an an allatment wide
basiz was daveloped for Foresk Service lands (Parker and
Harris 1950}, & variety of sfte fFactars are measured using
a thres-guarter inch diamatar ring ak 100 peints alang a
transect Line, The methad includes listing of perennial
species, maasuring vigor, and evaluating current erosion.
Genetal and ¢lose up photngraphs from permanent photo
points are included in the method, Data are summarized
using a segne cand.

The 13-Foot Browse Servey Method was develaged by
Snyder and Sauth {no date) as a modification to methads
in the Morkhern Region, US Forest Service, Whldlife
Sureays Handboak,

1a
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The afarementioned methods were raplaced by methods
dascribed in the Forest Services Draft Ecosystam
Inventary and Analysis Guide (1973), However these
historic methods are mentianad here bacause they still
form the basis for shrub data in the files of mamy Ranger
Diskricts,

Comparison and evaluation of methods

A camparison af 19 different varztions of gradmnt and
plotless sampling Lechnigues Lo estimate density
revealed seriaus problems with accuracy (Lyan 1968],
The number of plants per acre was esLimated using the
19 diffarent technigues. The resul:s werz comparad to
the known bitterbrush depsity on the study site. Many
mathads would nat produce a carmact answer with any
sample size. All methods required unreasanably Large
samples to achieve acceptable precision. Saveral mathods
required more effort than counting all the plants on one
or bwo acres. Lyon {1968) suggestad that wisual
estimation bechnlques or non random sampling methods
may provide a mare realistic appraach ta sampling plant
density.

The Daubenmire {1959} method vielded comparable
resulls with the line-intercept approach (Hanlay 1978).
However, the ling intercept method was recommended
where a higher level of precision wzs raquired in
measuring the density of shiubs,

Hutchings and Holmgren {1959} reparted on biases
associated with using smzll circular loaps far sampling
plant cover and offered modifications for reducing these
inhierent biasas. An avaluation of the laop procedure of

1



the 3-Step Method fownd it b be reasanably well
adapted for obtaining guantitative recards of wegetation
an tange sites (Sharp 1954],

Summary

The Cale (1934, 1959% methad does nok provide & reliable
measure for correlating deer habitat use with population
trend. As a result, the Montana Fish & Game Department
quit using Cole’s methad, A replacement approach was
npt develapead.

Measuring utilizabion accurately 15 & Bime consuming
pricess and, a5 reported by Mackie znd Lannar (1977}
and athers, daes not reflect range condition or trend,

Hat all twigs on a plank ara accessible Lo brawsing
animals, A5 a result, tan differant approaches for
measuring utilization are typically used. On2 delermines
the percent of twigs browsed from the amount of plant
production accessible ta browsing animals, The other
appraach determings the percentage of twigs browsed
from she total production of the plant, including that nel
accessible to browsing animals.

Frags {1992} compared methods for measuring utilization
of plant production zccessible ta browsing animals {Cole
1953, 1969 and Patlon arnd Hall 1966} with methods
designed to meazure uftilization of total plart production
tGarrsen 1953, Steinhoff 1959, Martinson 1960, Lay
1965). Fraas found that utilization measurements based
on plant production accessible te browsing animals may
mot provice & relationship between browsing lewel and
plant health,

18
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In & four-wear study involving several species, Garrison
(1952} Found & wida wariztion in annual praduction of
lirubs,

Insect damaco to plants can be sigmificant and difficult
to distinguish From deer browsing (Rayburm and Barkalow
1373,

Traditional metheds for describing species compoasition,
canapy coverage, freguancy of occurrence, and dansity of
Browse plants on rangeland sites are wseful for
inventorying and monitoring browse ranges as long as
interpretation of the results includes a realistic view of
sampling pracision inherant ta the variows mathods. The
LSO Forest Service Draft Ecosystem Inventory and
Analysis Guide (19727 serves as ane of tha mara
comprefiensive sources For range survay and inventary
methads.

Since 1996 Montana Fish, Wildlife & Parks has considered
adepting 2 method for evaluating browse condition based
on grawth farm [ Keigley 19497%. In the remgindar af this
book, we describe how b condect an architecbume:Lbased

survay of browse conditipn.

1%
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CHAPTER 3 e

ARCHITECTURE CONCEPTS

Wioody plants grow in & range of Forms, from prastrate
shrubs to kall freas, yet all share basic similarities in
seguanca of develapmant. Tizzus within buds
differentiates to form 2 primordial skem with leaves. This
tiny shoot may—ar may not—aelengate to praduce a
visible Leafy shoot. Thare are several patterns of zhoot
development, same of which are restrictad to trapical
climates. We describe a pattern of preformed growth
development common to cold climates. We then examine
how browsing can affect plant devalopment and produce
growth forms that are strikingly different compared ta
that of an unbrowsed plant.

Stems, Branches, Leaders, And Buds

Trees and shrubs are compased of primary stems and
lataral branches, Primary stems grow mostly vertically
and are responsible for height growth. Latesal brancles
graow mostly horizantzlly, In this book we collectively
refer to primary stems and lateral branches as “stems,”

Stams elongate each year, We call the most-recently-
praduced seqmans “current-year-growth,” A seqment
that was produced the year befare current-year-growth is
called "previpus-year-growth.” Mder stem segments may
he described by the growing season in which they were
praduced (2.g., 3-yrs agaj.

21l



A "tarminal leader™ is the current-year-growth at the
tip of a primary stem. When using the architecture-
hased mathod of browse evaluztion, we are primarily
interasbed in the fabe of terminal leaders. Trees
typically have a single tarminal leader, whereas shrubs
typically have many.

Buds are embryonic stems, Buds develop in the axils
af leaves. A leaf awxil is the upper angle between the
leaf stalk and the stem from which the laaF grows.

0n a given stem, thare will be pne terminzgl bud and
faw to saveral lateral buds. In addition to the leaf
auil position, bieds may davelop at ather locations
alang the stem. Buds that were not praduced in the
Leaf axil position are tarmad “adventitious” and oftan
form in masponse to injury or unuswal environmencal
canditians.

In temparate climates, buds typically underoo
dormancy. Stems may elongate from a bud after a
single season af dormancy. In this case, the stem
that developed from that bud wauld be one year
waunger than the segmeant from which it develapad.
Stems may also elangakbe after mara than one yvear of
dormancy, in which case there will be a carrasponding
gap in age batween cumrent year grawth and the
segmant on which the bued was horne. Buds that
remain dormant for many years become covered by
bark. On occasion, stems elongate fram a bud during
tha growing seasan in which the bud was produced.
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A Sequence OF S5tem Production

In the figures below we follow the development of a skem
through & three year period beginning with seed
germination. Abbreviations: b = lateral bod, tb =
tarminal bud, db = bud dermant for longer than one year,
ths = terminal bud scar, oy = current-year-growth, pyg =
previgus-year-grawth,

Later we will examing how browsing can alkar the
saquence af Branch
devalapmant.

Year 1

This figure shaws
how the plant
might appear in
late-August, aftar
the leaves hawve
fully develapad,
Buds have formead

at the base of the 2(% %
leavas. Each hud is

an embrpanic stem.

dnce a sbem

elongates curing a growing seazan, no further elongation
will ocour in later years, buk girth will be added each year
in the form of annual rings,

Key Paint: Legves are home anly i ciani-yeor-
growii,

23



Year 2

In the second year of lifie, the miniatura stem within the
berminal bud [produced inm year 1) elongates and its
Leawses edpand. A ring (terminal bud scar) marks the
position of the terminal bud from which the second
yiar's growth developed. The stem segmant that was
current-year-growth in year 1 is now “previous-year-
growth™ (pyg). In z2ddition, stems may develop fram ang
ar mare Lateal buds lower on the stem.

In Ehis example, 2 single laterzl branch develaped while
the rest of the buds praduced the first year remained
dormant, One cause of dormancy iz a chemical grawth
regulator produced at

the tip of the stem,

The enfarcement of

bud dormancy is

called apical

daminance, Different

plant species exert

apical daminance ta
differing degreas. g
The ultimate shape

of & tree or shnub is

skrongly influenced

by the degres to

which the apical

dominance is

exprled, pyg
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As in the first year, buds are produced in leafl axils, In
ngrthern climates there is typically single anuual
qrowth cycle. On occasion, bueds may develop inta
shaats the same year the buds were produced, One form
of evidence of sama-year-grawth is the presence of a
leaf-bearing lateral aranch that developed from a
segment that alse
biars leaves,

Year 3

Activatian and
elangatian of the
terminal kud in
tha thirtd year
procucas threa
annual zagments
saparated by bwo
terminal bud
SCars.

2h



Aging Of Stems From Bud Scars

Termimal bid scars
mark Ele point of
origin fer each year's
leader grarwth. The
stars gre guite obvious
For the first two or
Llsiee years, Ower
time, the scars are
abscured by hark and
became less pbvious
due to the increzss in
girth of the stam.
Eventually all evidence
disappears. Terminal
huel scars can be used
Lo age stem segments
pp Lo a few years old.

To age a stem, bagin
wiLl the tip of
CUFMEnt-yaar-growtn.
During the growing

sason, this segment will have leaves, Move down the

& yr—

5y

Fels2

skern until a ring-like scar is encountered. The Initial
segment would be current-year-grawth, To fdentify

subsequent years, continue the process, until bud scars

can ng Longer be idantified.
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Branches From Buds That Were Dormant For
More Than One Year

In the previcus example that described growth over three
growning seasons, the lateral branch developed from a
bud that was praduced the preceding year. Branchas may
also develop fram buds that have been cormant far two
or more years. In the example below. the bud remained
dermant for three years. As a result, current-year-growth
emerges from a stem

zagment that is

three years ald.

Develapment of

branches from

darmant buwds is

common in browsad {~c¥0
plants,

27



Lavels of Browsing Intensity

Key Paint; Mo method described by this book
corponales bwa devels of browsing fotensitys
il Light-to-moderate. and
Z) Intense,

Thosa levels and their combinations praduce distinctive
architectures. The architectures develop during Ehe time
that the terminal leader is vulnemable to being killed by
pruning ar by girdling of the stem below,

Wa are mast freqguently concerned with the effeck of
browsing on tarminal leadars that grow within the
browse zone. But girdling may cause the death of a
terminal leader that has grown wall beyand the 2.5 m
hwight that we use to mark the upper limit of the browse
Tone.

Uneler light-to-maderate browsing, young trees and
shrubs grow to the stabure bypical of their species. Their
shape and rake of grawth may be madified by herbivany.
Youmy plants that are intensely browsad far their antire
LiFe rarely grow taller than 0.5 m.

Key Point: Growsing 15 defiocd s be mbense when o
camplete arneel ssgment is &illed.
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How Browsing Can Affect Stem Development

We are primarily concerned with the fate of stems that
are responsible for height growth,

We bagin this section by looking at four hypothetical
passibilities, 'We will Lhen examine how one of thase
passibilities might Leek in "real lifa” by comparing a
phaotograph with an interpretive diagram. Finally, we will
present four general types of architactures postulated to
cerrespond with four browsing regimes.

In the diagrams: ths = terminal bed scar. Live
prrtions of the stem are depicked in black, dead
pertions are white. The years indicate when the
stem segment elongzted. For example, “2 "
indicates that elongation accurred two growing

£SAS0NS AQO-
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The plent below was net browsed at all, €ach annual
stam segment develzped fram the berminal bud of the
preceding year's stem segment, As Far as height growth
was concarned, the lateral branch remained subordinate
tu the primary stam,

1yr

2yr

(3 yr ﬁgmtnt
not shown)
0
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This plant was biowsed aach year, killing the tip of each
annual stem segmant. In contrask to L exampls &t the
laft, each year's annual stam segment developed from a
lateral (rather than terminal) bud located on the
preceding vear's stam segment. The lateral branch
rempined subnrdinate to

the wertical sbam.

Key Pajnt: Only the
fip af tha onnual
seqmends did,
Browsing did ot kil
o complata ennuel
sagmeal,

Because a complete
annual segment was nat
killed, browsing level is
light-to-maderate.

2 yr

dﬂ_,." "

b 4

{3 ],r-r segqment
nat shown)

31
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The plant below was browsed each year, In this caze the
entirg L-year-old segment was killed. Current-year-
growth enserged from a dormant lateral bud located on
tha seqment produced the first wear, The laberal branch
remained subardinate to the vartical stem,

Because a complete annuwal sagment was killed, browsing
level is intense,

1yr

2yr

(3 yr s-llzgment
net shown}
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In the plant ta the

right, browsing killed

a complete annual

zegment. But in this oy
rase, current-year- B
Erul.'.ll‘.llu did nat
develop fram a
darmant bud.
Instead the lateral
branch assumed
dominanca over the
imitial wartical stem.

1yr~

Because a completa ¥
annual seqment was
villed, browsing lavel

is intanse, :‘:gtr :ﬁg;'nr?)nt

Summary
We have diagramed three recpanses to browsing

1. Hew growth developed from previous-year-
growth, A complete annual segment did not

2. & complete annual segment disd. Mew growth
developed from a stem segmant alder than 1
yaar of age, This indicates intanse browsing.

3. A complete annual segment. died, A lateral
Branch took gver Lhe role of primary stem.
This indicates intense browsing.

die. This indicatas light-to-moderate browsing.

13



“Real-life” Example

Compare the aspen photograph below to the diagram to
the right.

A campleta annual segment was killed, & lateral branch
hat assumied the role of terminzl laadar,

34
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This diagram is an interpretation of the photograph to
the laft. For clarity, leaves and some segments weare
omitted frem the diagram. Cyg = current-year-grawth.
Pyg = previnus-year-growth. Live stem segments are
black, dead segments are white.

Because a complete anneal segment was killed by
browsing, this aspen would ba dzssified as intensaly
browsed.




Architectures Produced By Browsing

Four basic architecturss Lagically correspond with four
braweing ragimes:

15

1)

]

5)

)

Uninterrupted-growth-type.

Produced when a light-to-moderate Level of
browsing occurs during the time that the terminal
leader is vulnerable to being killed,

Arrested-type,

Produced when a young plant sxperiences an
irkense level of browsing throughout its life.

Retrogressed-type.

Prodisced by a change fram light-to-moderate
browsing b an intense level of brewsing. The
changs accurs before the termingl leader grows
tzller than the browse zone and before a layer of
bark protacts the trunk frem girdling.

Raleased-type.
Praducad by a change from intense browsing {that

causad arrest or retrogressian), to a Bght-to-
madarate laval of browsing.

y 3
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Architecturas Exhibited By Trees

&%

—_——— =

a} Uninterrypted growth-type b} Arrested-type

) Retrogressed-tyoe d) Beleased-type

il
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Architectures Exhibited By Shrubs

] Retrogressed-typs d] Releasad-type
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Architecture Examples

This section introdices each architacture type. Tha
examples show how the architectura bypes are exprossed
by both trees and shrabs,

In Chapter 5 (CURRINT LEVEL OF BROWSINGY we descrile
khe process of classifying individual plants,

3



Uninterrupted-growth-type Architectura

Unincemrupted-growth-type architecturs is produced by
light-to-medarabe browsing far as lang as the terminal
Leader is vulnarable to being killed by browsing. Young
uninterruptad-grawth-type individuals attain bypical
tree or shrub height, hawever their rate of growth and
shape may vary dus ta harbivony

Shrubs regularly replaca older stems with younger anes.
Bacause those voung shoots must grow throwgh the
browse zone, shrubs remain sensitive to browsing
throughout their lives,

After & tree grows baller than the browse zone and
develops & probective armor of bark (that prevents
girdling), it 35 no Longer sensitive be an ingrease in
browsing inkensity,

The classification of a browse plant to uninterrupted-
growth-type architecture is determined by a single
criterion: As the terminal leader passas through the
hrowse zoneg, it ariginates sach year frem previpns-
year-grawth,

hn
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An uninterrupted growth-type tree

The strafght stems of these aspen Indicate that they
expenenced negligible herbivory as the terminal
leaders graw through the browse zone, Mot of each
year's stem growth survived, producing an
unintemipled sequence of helght growth.

4l



An uninterrupted-growth-type shrub

These willows are compased of thoots af various hatght.
Tha height of each shook appraximately corresponds with
L5 mije.

Stem seqments were annually added 1o each shook to
produce an uminterrupted soquence of height growth.

T4
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Arrested-type Architecture

Arrastad architecture is produced by chronic inbense
browsing, Young plants often escape browsing until they
grow tall enough to be naticed by browsers. For exampls,
sncwpack may provide temporary protectian. Onca tall
engugl to be discoversd, these plants would be hedeed at
a hetaht definad to be “arrest-haight.”

Because af wariztion in plant viger, topography, and
annial snowpack thickness, armest-height can vary from
abaut 0.1 - .53 m. The classification of a givan individual
ta arrested-type architectura is guided by twa critera;

1) at somwe point in time, browsing killed a complete
annual segment of the primary stem, and

2} annuzl segments on sharter individuzls would nat
have baen killed by brawsing, These shorter plants
will davelop arrested-bype architechura whan they
grow too tall to be protected by snowpack,

The evaluation method deseribed in this fReldbook anly
requires determining whetler o noL a plant i3 "intensely”
Browsed., Where intense browsing accurs, it s not
necessany to distinguish batween arrastad- type and
retrogressed-type architectures [Ehe retrograssed-type
architecture b5 deseribad below). But such a classificatian
can be made based on: 1) the age of the plant, and 2) the
year that intense browsing began. In Chapter &
COUANTITATIVE BROWSING HISTORY) we describa haw to
determing plant age and the year that intense browsing
began.

<1



An arrested-type troe

These sspin wene broweed o a helght of about 20 cm. A
complete annual segment was klled. Prior to that, these
planls escaped intense herhivary, lkely from protection
by snowpack. As the aspen grew taller than the
snowpack, they wene sxpoted to intense herblvery,

Unless conditians change, thewe aspen are unlikely Lo
grow much taller than 20 em.

48
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An ammested-type shrub

The shoots of these arrested-typa birches have been
browsed al a uniform height abeve ground level,
Contrast this condition with the diverse stem heights
that woald be Found on uninteimipbed-qrowth bype
individuals. The umiform height of browsing indicates
that the shiub expedenced intense herbivory since
establishment.

i3



Retrogressed-type Architecturs

Retragressed-type architecture is produced when
brawsing level changes from light-to-maderale Lo
intense;

During the initial pesiod of light-to-moderate browsing,
the yaung individual grows taller than arrest-height.

When browsing increases to intense, the upper stem {or
stems) are killed by girdling or pruning.

Key Point: Both the amested- ond retrogressed.lype
architeclures pre evidence of currant fntenss
browsing,

Two classification criteria guida assignment:
1. Grawth taller than arrest height, and

2. The death (from browsing) of a camplete annual
growth segment

Without determining plant age and year that hiowsing
intensity increased, 11 may be im possible to distinguish
tall arested-type plants from short retrogressad-type
plants.

Far practical perposes, it s usually convenians ta
cambine arrested- and rebrograssed-type plants together.
Far the szke of discussions in the feld, intencely
browsed plants that clearly excecd arrest height can be
ezsumed to have retrogressed-type architectuna, A
reasonaile height threshald for separating arrested- from
retrogressed-type plants is 75 cm,

i
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A retrogressed-type tree

The total height of this aspen was 1.1 m. but all of the
stem above 0.5 m was dead. Other aspen in the wicinity
ame browsed at 20 cm above ground level. Campared to
thase aspen, the tree below sppears to have been less
intensely browsod early in ils [ife. When browsing
increased, the upper stem was killed.

o



A retrogressed-type shrub

The shoots of this birch ane terminated by clusters of
twigs that ocour 3t variows heights above ground level.
Those shaots must have grown ko those helghts during a
period of light-to-moderate herbivory. AL the end of that
period, the shruli was compoed of shaals of different
heights. with height approximately correspanding with
age. AL Ehis time, the shaib would be of uninberrupted-
gmwth oyps architecturs,

Whan herbivory increased to intense, elk (in this case)
heowsed Ehie tips of shoots whete Ly Tound them,

hiE
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Released-type Architecture

Released-type architecture is produced when browsing
changes from intense to light-to-maderate, The lower
{sunviving) stems of arrested- or retragressed-type trees
develop into trunks. In the case of shrubs, the
resumption of shook growth would leave dead clisters of
twigs at an intermediate position along the shoot. There
are # identification criteria;

1} The individual shows evidence of previous arrest or
retrogression, and

2} The individual's terminal leader passed through the
browse zona.

At what point do wa reclassify an arrested- or
retragressed-type plant inte the released-type
cateqory?

Plants continue to be classified as zrrestec- ar
retragressed-type until previous-year-growth {i.e.,
1-year-old wood) exceads 2.5 m tall, which is
approximately the upper limit of the browse zone.

£



A released-type tree

This aspen grew to 1.5 m Lall when the upper stem was
killed by herbivore. At that time, the aspen would be
classified as having retrogressed-type architecture,

When
orowsing
Became [oss
mtense, a
lower branch
graw fo
bitc o e &
trunk about
& m [all,

The ree
wirtld be
class|fled as
having
rEtrogressed-
Lyp
architecture
urkil the
frunk grew
taller than
2.5 m. This
5 measured
Lo previos-

year-growth,

50
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A released-type shrub

A dead cluster of twigs occurs midway on this
chokecherry shoot. The cluster was produced by intense
hethivory, A subseguent decrease in herbivory allowed
the terminal beader to grow beyond the Srowse zone.




Did A Moose Do It?

The Focus of this hook—browsing—may suggest that
herbivory is responsible For evervthing we see. But nat
all death and disfigurement s die to ungulate
browsing. Stream migration can leave willows in an
excassively dry condition, while impoundment within
beaver ponds czn kill by foeding, Disease, insects,
and parasites can kill a plant or alter its growth habit.

Threa classes of evidence help distinguish the effects
of browsing from other growth-form albering factors; 1)
sear-typs evidence, 2) devalopmentzl evidence, ard 3)
cammunity level avidence.

Scar-type evidence

Unlrowsed branchas should be tarminated by a bud,
The tip of the stem may die for reasons pnrelated to
browsing, but the bud should still be prasent.

Browsing will remove the tarminal bud leaving behind a
blunt, perhaps shredded, stem. A search for terminal
buds should accur early in the examination. Tooth
marks may indicate girdling by herbivery. The absence
of leaves during the growing season alsa indicates
herbivory, Leaf stripping may leave longitudinal scars
im the bark.

After stem death (Trom any cause), bark often peels
and the stem may appear to have been girdled when
actuzlly it was nok, A partially girdled stem can be
identified hy the ridge that dewelops at the edga of tha

g2
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scar. The ridye develops because wood continues to be
produced by the sursiving cambium.

Developmental evidence

Clusters of twigs (hedging) have lang been used as
evidence of herbivary, The architecturas cescribed in

this section are also evidence af herbiveny.

Community-level evidence

If herbivory §s uniform throughout an area, all
individualt within an age class shauld have similar
architectures. Plants of diffarent age are affected by
herbivary in differant waye. In a communily that
cantaing a diversity of ages, & change in herbivory will
produce correspandingly diversa effects, all indicative of
the same history. In Chapters 4 and & (OUALTTATIVE
EROAWSING HISTORY and QUAMTITATIVE BROWSING
HISTORY) we fascribe methods of reconstrscting past
levels of browsing.
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CHAPTER 4 L=

QUALITATIVE BROWSING HISTORY

Cach of the architecture-types described in Chapter 3 s
preduced by the browsing regime that occurs during the
Lime that the terminal leader grows within the browse
zone, By examining plants of different age, ong can
reconstruct histaric levels of browsing,

Cur nhjective in this chapter i to observe—Ffor given
cpecies— tha general kinds of architectures that are
presant in the arez. We depict a qualitative history aof
the area by arranging those architectures along a time
Llina. We record this informatien the symbels described
in &ppendix [I (page 147).

The qualitative history prevides & foundation for
designing the remairder of the survey

35
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BROWSE SURVEY SEQUENCE

Qualitative Browsing History I

Measure Current Browsing Level

Resull:
Percent plants intensely browsed,

level Survey

Comprehensivg=

Determine Historic
Brawsing Lewnl
Bosiilt;

1, Current groesth rate
Z. Histary

Reconnaissance-level
Survey

Flage the Currant Condition
in a Historic Contoxt
Result;
1. Will plants qrow “tall?”
. Is current situation unusual?

A

Document ongeing trend
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A Qualitative History OF
Light-to-moderate Browsing

In the 1596 photegraph below, all aspen—from oldest
o youngest—have unintermupted-growth type
architecture. Sevenl ranged from one year to about 10
wears of age, Treesin the background appear to be
aboul 20-30 years of age.

The relationship
bBetween age and
atchitecture in
this stand
indicates [ight-to-
moderaia
browsing for at
least the past 20-
30 yaars.

Additional lines of
evidence suppart
this
imterpretalion.
Whan aspen is
imtensety browsed,
urgulatas also
gnaw at the bark,
The bark of thasa
asgens ks largely
urscamed. In addition, none of the 20-30 year old trees
were Wighlined, Trees are described a5 "highlined” when
urgulates kill the lower branches by browsing zll of the
follage within reach.
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The Rrst step in documenting the qualitative history is
simply Lo note the architectures that are exhibited by
indiwiduals of different aga. We record the abservations
by placing architecture symbals elang a timelineg, Jne
end of Elee tinseline we Labal “old, * the other we label
“young." In Chapter 6 (OUANTITATIVE EROWSING
HISTORY) we will describe metheds of assigning timeline
dates,

Tha zspen community illustrated an the previous page
might be depicted as follows:

el i ¢

ald Young

Bazed on the architechure types that are piesenl, we can
Sany thal site appears to have heen light-to-moderately
browsed since the establishment af the aldest aspen,
Based on the size of the aspen trunks, we could make 2
mugh guess that the site has been light-to-moderately
browsed for the past 20-30 years.

A Qualitative History That Documents An
Increase In Browsing Intensity

The phatograph on the facing page shows z large birch
[Fetuia occidertaiis) with relrogressed-tbype architectura,
This plant by itself records a change from light-ta-
muderate brawsing to intense hrowsing.

58
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The Four vounger beches to Lhe [eff of the Larger birch
had arrestad-type architecture. The younger binches
comobonatbe the history suggested by the Larger bErch,

The architectunes ane recorded on the tmeline betow,

old Young

As i the previgus case, we cinmol assign actual dabes on
the timeline. But we know that the stems of thizs birch
specics do nob Byve as long as the stems of aspen. As a
result, the history that is recorded is correspondingly
sharter, We might suspect Ehat thare has been an
increase in browsing intensity within the past 20 years.



Case Study: Wisdom District, Beaverhead-
Deerlodge National Forest

To get an overview of conditions in the general ared, we
reconstrucled a gualitative history of three specias:
Gevar willow, aspen, and Douglas fir. At a given site, the
total time reguired was less than five minutes.

Ungulates prefer some browse species over othess. For
example, Dawvglas fir is less-highly preferred compared to
aspen. By noting the architectures of browse specles
that span the preference range. one can decument the
sayerity of the browsing impact that may occur. In this
case study, aspen and Douglas fir were selected to
brzckat the praference range.

Tha placement of symbols along the timeling was based
on raugh estimates of age.

Symbols for each of the architecturss are shown i
Appendix 11 (papge 147 ).
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Architecture-based Survey
Oualitative History

pate: Z Aps T obsener: K. Keigley

Sempla area; ! Sample site: ;
Species: ﬂﬂﬂ?a’bﬁ ?‘?.f'
ld Young

Specias: ﬂﬁﬁﬂﬂ
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Young

Species: '::':‘E;J-"'E:"“' baiiow

o Young
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CHAPTER 5 o |

CURRENT LEVEL OF BROWSING

The Basis for Measuring
the Current Level of Browsing

& primary stem exposed ta potential browsing records the
browsing Level that occurred in the recant past. Using
the criterion deseribed in Chapter 3, browsing Lavel was
defined to be inktense i ungulates were hungry enaugh to
cause the death of a complete annual segment. IF no
annual seqment was killed, browsing level was defined to
be light-ta-moderate,

Browsing inlensily al a sile can be classified by
examining primary stems that—to & high degree of
certainty—were axpased to patential brawsing., The
mieestion is: Undar what conditisns is a piimary stem
exposad to potentizl browsing? Exposure is influenned
by Ewo Factars: machanical pretection and stem height.
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BROWSE SURVEY SEQUENCE

Qualitative Browsing History I

Measura Current Browsing Level

Result:
Fercent plants intensely browsed.

level Surwey

Comprehensive-

Determine Mistoric

T Drawsing Level
E Birsult:

a 1. Currenk growth rate
=5 2. History

3 2

Ly 1

g

=

=]

L=

oy

ak

=

Flace the Current Condition
1n a Historic Context

Feiull:

1Nl plants grew “tall®”

2. s cwrent situation wnuseal?

!

Document ongoing trend
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Mechanical protection

Young stems may be mechanically protected from
browsing by oldar skems. The young stems are only
gxposed ko browsing after they grow outside the
protective cover of older stems.

Mechanical prokection is especially important in e
classification of shrubs, The shrub growth form 15
produced by the development of primary stems from the
base of the plant, These primary stems develop
throughowt the Life of the shrub, Young, unbrowsed
stems are pften interbwined among a thatch of branches
and Swigs killed Ly browsing.

[f we were to base the browsing level of 2 shrebon a
voung, probected stem, we may erroneausly conclide
that the shrub was Lghl-Lo-moderately browsed, whena in
fact the older skems (Lhat protected the younger stems)
were densely hedged by browsing, When classifving the
browsing level of a tree or shrub, we must base that
classification on primary sberms that hawve nok been
mechanically protected by older shoots,

Stem height

Primary stems sharter than 150 cm tall are within reach
af mast urgulatas. That beight is used as the upper
limit of & zone, within which, we can be fairly sure that

ungulates would browse if they wankad to.

Young plants are seldom nipped off at ground Level. The

i



Lower limit of ungulate browsing appears to be influenced
by snowcovar, Often stems are cropped at about 20 cm
high. But under some circumstances, stems appear to be
prazected unbil they are 40 - 50 cm Lall

One can be Fairly certain that primary stams 50 - 150 cm
tall are exposed to browsing,

Buk we eanngl exclude stems shortzr than 50 cm as
indicalars, On sites that havae been heavily brawsad far a
peried of years, all primary stems of young plants may be
lesz than 50 om tall,

In the next saction we describe & step-by-step procedure
for measuring current browsing level. Part of that
procedure involves decisions on what and whera ta
maasigrs. Because af the influencas of mechanical
pratection and stem height, some situations reflect
current browsing lavel with more certainty than others,
Three situations warrant special mention. Heights ana
mazsurad to the tap of previous-year-growth an the
tallest primary skam,

Situation 1: Flants 50 - 150 cm tall are present.

Planks in this size rangs best indicate whether or not
browsing will permit growth taller than 2.5 m,
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Situation 2: Plants 50 - 150 cm tall are absent.
Plants shorter than 50 cm are present. Tree-sized
individuals are often present.

This situation pecues when plants an the site ane
intemsaly browsed For some years, The trea-cizad
individuals are z ralic of an earlier peried of ight-ta-
maederate browsing and aften ara the parents of tha
shart, heawily hrowsad plants. Snowcaver may protect
shart plants from browsing. The uninzerruptad-
gqrawth-bype architecturs of thasa prazectad plante
would nat refleck the current intenza browsing.

Situation 3: Plants 50 - 150 cm tall are absent:
taller plants are present. Plants sharter than 50
crn are often absent.

)
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This situation often oocurs in mature stands of willow,
Tha taller willows wsially have young terminal leadeis
arpund the perimeter that fall within the 50 - 150 cm
cize class, But there are potentizl prablems with
using these terminal leaders as indicators of currant
browsing lewsl. For ane, the stems may have besn
mechanically probacted by the alder stems. In
gddition, the stems may be machanically protected by
othar willew shrubs growing immediately adjzcent.
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Steps for Determining Current Browsing Level

We dascribe a proceduse for describing how currant
browsing level varies acress a landscape, We presant the
survey results in the farm of a map,

The procedure entails five steps:

1. Delin=ate tha total survey boundarny, Delineate
cample areas within the total survey boundany.

2, Identify the browse spacies that is going to be
surveyed.

3. Determine the lacation of sample sites within the
SUMVEY arga.

d. Select and classify Che planls,

&, Summarize the results.

In practice, Steps 1 through 3 need to be considared
cancurrently. Obwiously we nead to begin with same idaa
of where the survey is going to take glace (Step 1). But
s a practical matter, we have to make sure that tha
cample ared includes approg-iate browse species (Step 2).
AL the same Lime, if we are going to inberpalate levals of
browse use across o landscape we need to insure that the
selected browse species 19 well distributed (Step 3).
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Step 1: Delineate the sample area

s o first sbep one should define the total boundary of
the survey. Perhaps the potal area encompasses an entire
wildlife management area o grazing allotment.

But it may be difficult to visvalize variztion in ungulate
use acrass wery large areas. IF so, the total survey araa
should be subdivided inbo smaller parcels. We rafer to
Lhese smaller units as "sampls areas.”

Case study. This fisldbook describes axamples taken
from &n architecture-basad browse survay conducted an
the Wisdam District of tha Beaverhezd- Dearlodge
Hatignal Ferast (Montana).

The map below definas the total survey area. Wikhin that
tatal zrea, twp zample areas are dalineatad.
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Step 2: Identify the browse species that will be
surveyed

Tor st this method, you must be able to discern the
sequence of stem development. This can be difficult far
some specics of browse, At the present time wa have not
adapted the methed to sacebrush or bitterbrush.

The typizal height of an urbrowsed plant is the secand
criterion. Given the [imitation staked above, browse
plants of any height can be classified, But when placing
the current level in a hisloric contesxt, we will use growth
to 2.5 m as a benchmark heighl, Te conduct a
“comprahensive-type” survey, the plants must be capable
af grawing at least that tall,

Supitzble plants include: aspen, cottomeand, willow,
chakecharmy, serviceberny, hirch, and aldes,

Within the limits described abowve, three basic things
should be considered when selecting Lhe species:

L. typical ifespan of individuals,

2. praferance by wnculates and

3. height of primary stems available for sampling.

Typical lifespan of individuals. Lifespan becomes a
factor iF the current browsing level is to be placed in 2
historic contexl, Shrubs will provide & history of 2

dacads ar two. Trees may provide a history of several
decadas,

Preference. Ungulates prefer some browse species aver
others. Highly preferred species {e.q., aspen, Drummond
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willaw) will ba most sensitive to a change from light-to-
moderate browsing to intense brawsing, Once highly
prefamrad specias are inkansely used at a site, less preferrad
species (a.g., alder, spruce) indicate L magnitude of tha
situzticn.

Height of primary stem. Three potential cases ware
describad on pages 66-67. Most desirable is the situation
whare there are plants in the size class 50 - 150 cm tall 2
measunad b previous-year-grawth (Situation 1).

Nata: If the suréey i fo include o reconstiuction
af hictonc browsing levels, o sile orst alse coalain
plants of diverse age.  The selection of sites for
Ristany recanstruction i discissed on pogoes 116-
i N

Case study. Three species of willaw grew in the sample
areas identified in Step 1z Drummond willow (Solix
drumarandions), Booth willow (Sgliv foothid), and Geyer
willow [Sallx geverigna). Aspen {Fopulus Irenilofdes) grew
naarby, but was not well distributed within the sample
areas.

Althaugh all threa willow species were heavily used,
Drummand willow appeared to be used most heavily, and
Boath willaw the least. Drummond willow was not as
widsaly distributed as the Geyer and Booth willow, There
were numerous Geyer willow (Solb pevertang) in the 50 -
150 cm size class,

Geyer willow was tentabively selected a3 the spacies to
manikor.

7l



Step 3: Determine the location of sample sites
within the study area

Ak Lhis point in the pracess wa have identified a sample
ared and, tentatively, a browse species. Wa could sketelh
a map ol Lhe distribution af that specias using three
mapping uniks:

Mapping unit 1z Areas that contain plants that are
hatween 50 = 150 cm tall. (The preferred case,)

Mapping unit 2: Areas in which plants in the 50 -
150 ¢ size class are absent, but contain either: a)
plants shorter than 50 cm tall (Situation 2 on page
ad), or b) plants taller than 150 cm that have
woung primary stems in the 50 - 150 cm size class
rSituation 3 on page 67).

Mapping unit 3: Areas where primary stems of
usable height are absent.

If the wap of the sample area consists mastly of the
third mapping unit, ene shauld consider selecking
another species for the survey.

Case study. The map an the facing page describes the
distribution of Geyer willow stam heights in ang of the
sample areas, The shaded area delineates the areas in
which the 50 « 150 cm size class grew. Shrubs in the &0
- 150 cm size class accurred throughaout miech of the
sample area,
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AL this stage of Step 3, we have delincated the area that
cantains stams that ara betwean 50 - 150 cr tall, In the
final stage of Step 3 we identify the location of
individual zample sites. The inkensity of browse use at
these sample sites will be used to interpolate canditions
that occur between zample zites.

The size of sample sites will vary according 1o Lhe
density of the selacted browse species. A site should
contain 20 plants for classification, In the case study
described in this book, sample sites ranged fram about
#50 - 500 m*.

[n the recannaizsance af the sample aned, ong may note
that brawse use is influenced by topography. For
example, it may be found that browsing is mere intense
on seuthern exposures than on aorthern esposures. Tha
availability of water may also influence browse use, The
salpction of sample sites should include this range of
variatian.

bk



Case study. Tha reconnaissance of the sample aea
indicagted that browse use was fairly consistent
throughout, with ng apparent difference due o
topooraphy. Tt was decided that three sample sites
wauld be wsad to charscterize the sample area, The
Lecation of the sempla sites is shown an the map below,
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Step 4: Classify the browsing level experienced
by individual plants

The current browsing leval of a plant is classified by
examining a primary stem. The classification is
accomplished in three stages:

1. Selact an individual plant,
2. Selact a primary stem on that plant.
3. Classify the primary sterm,
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Stage 1: Select individual plants. Select individual
plants. About 20 plants should he classiSed at each
samale site, (nce one has an idea of how the plants ae
distributed througheut the sample site, tha mezsunamant
of current browsing level should not take longer than
abaut 30 minetes,

Mater If the sunvey inclivdas & Jhstark gaspactive,
other measurements will e fokon at the fama Gme.
Tha total fime required will incresse carrasganaingly.

Stage 2: From each plant, select 2 primary sktem to
classify, The selaction of primary skems depends an the
availzble size classes &5 described below,

If the plant is 50 - 150 cm tall {Situation 1 on
page 6&):

1. Examine the basal diameter of all shoats that make
ip the trae or shrub. Trees typically have a single
primary skerm, bul browsing can praduce a thrub-
like grawth farm.

2, Select for classification the shookt with the largest
bz=al diameter.

Tha estimation of aga does nol hawe Lo be axack,
Al of the older shooks should have grown beyond
the limit af the machanical pretection that is
provided by aseociates. We simply want £ axclude
the use of yaung shaots that stll may b
machanically protectad.



If the plant is shorter than 50 ¢m  (Situation 2 on
page 66):

HMechanical protectian should not be an important
facteor, Select the 20 tallest primany stems for
classification,

If the plant is taller than 150 cm (Siteation 3 on
page 67):

Prirnary stems bobweon 50 = 150 cm tall arg wsed Tor
classification. In practice only shrubs will lave an
assartment of primary stems to chose from,
Mechanical protection could be a signifcant facter,
Tdentify a side of the shral Chat is nol protected Ly
& neighbor, Examine the zone Trom 50 - 150 <m
high, Select & primany stem with previous-year-
growtlh in this height range. Classify,

Stage 3: Classify the primary stem, The browsing level
expenienced by a primary stem is classified by examining
the stem from graund Level upward Be curment-year-
qrvath,

Browsing will produce a dead stub that extends from the
point where the stem was nipped down to Ehe point
whene the Fallowing sear's growth developed fram a
lateral bud (see page 31, The diead stubs should be
ceamined for evidence of a terminal bud scor

ta rimipsLike structuna),
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Key Point: The presence of o terminel bud scar
woold indicate that an entire anneel segment died,
By definition, the primary stem would Hieve
aymananced intense Growsing.

It is important Lo work upwards from ground leval. In a
case wher a lateral hranch assumed the role af a primany
stem [after the tip of that stem was killed by browsing),
ana might miss evidence of that event if ana bagan the
examination at current-year-grawth,

Case study. The data sheel on the next page prasents
the results of a site sureey of current browsing lavel. The
data ara fram Fample Site 1 of the Horse Pastuers Sampla
Area.

I = intense, L/M = light<te-maderate, At this site, all
sampled plarts were intensely biowsed,

In this example, anly data for determining curreat lawvel
are shown. H_. Collection numbes, L, A, and A are
data that wauld be tzken as part of @ recanstruction of
hrassing histone

71
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Step 5: Summarize the results

The current Lewel of braowsing can be reported in the farn
of a table. If multiple sample sites ware survayad, tha
rasults can be presentad in map-form.

Case study. The table below reports results from the
three sample sites in the Harse Pasture Sample Arca,

:Sitlz Y Inbensely brovwsed

1 100
g 100
3 1a0

The map balw reports the intensity of use thigughout
the sample araa, Geyer willow was intensely browsad
throughout the sample area,

S oy ATAE SRS TR

Solle gapariana doas nok goowr
~ ) 3glix gaperiara is intznsely browsad,

| Salix gayariara is light-ta-modzrately browsed,
* {Linht-to-maderately browsed plants were nat prosent, )
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CHAPTER 6 N

QUANTITATIVE HISTORY OF BROWSING

In the previcus chapter wa described how plant
erchibectures could be used to describe the current Level
of browsing at a site. Using the tools developed in that
chapter, one would classify browse-use ot @ site as:

1) Intenza, or

2] Light-to-moderata.

This baak is based an two levels of browse survey;

1) racannaissance, and 2) comprehensive, A
reconnaissance-level survey would consist of the
classification of current browsim lovel, and possibly s
monitaring af trends as deseribed in Chapler 8.

Why would one want to conduct a cemprebonsive Level
survay? Comsider a hypothetical case, An early-June
reconnaissance-level survey found Ehat o site was
intensaly browsad. On a rekurn wisit in late-Augusk we
find numetaus leafy skams reaching well into the browsa
zone. Tha vagetation is lush! Things don't losk so bad!

Could it reslly ba true that, aver time, the trees and
shrubs will anly graw to be a few inches tall? Could this
just be part of a natural cycle?



BROWSE SURVEY SEQUENCE

Qualitative Browsing History I

iz

Measure Current Browsing Level

Hesulk:
Fercent plants intensely broweed.

*" Comprehensi
Level Sureey

Datermine Historc
Browsing Level
Fasulk=

1. Currant growth rate
2. Histary

Place the Current Condition in

2 Wisteric Comtoxt

Result;
1. Will plante grow “tall?”
Z Is current situation wnweswal?

==

Recennaissance-level
Survay

Al

Document ongoing trend
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In This Chapter

A guantitative browsing histony describes the actual
years in which the browsing levels pcourred. To
accomplish this ere must be able to determine the zga
of stems by counting annual rings—that is, fram
dendrochmanalogy {pages 84-55],

The age of a Live slem al & given height indicates the
yedar in which that parl of the stem was a terminal
lezdar, The method of calculating that yaar is presentad
on page 96,

As an introduction to the patential wses of the
architectura mathad, we describe the history recorded by
a singla relsasad-type tree {pages 97-100 ).

Pages 100-108 deseribe how to determine when & curment
period of inkanse browsing began, With additional plant
measurements, one can calculate the net annual grawth
rate that accurred during the perdod of intense browsing
(pages 109-115}, That met annial growth rate is usad
(in Chaptar 7} to assess whother or not trees and shrubs
ara likely fo grow o their typical skabure.

Pages 116-124 describe a method of recanstructing a
lang-tarm history. In Chapter 7 we will use this lono-
tarm parspective to pose the guestion; 15 our cumment
sitvation uposuel?

Nata: Syinbols o formules are summenzed in
Appandix IIT (nages J48-T43).




Annual Rings

In Chapter 3 we saw that a stam can be aged by
caunting terminal bud scars. But this method enly
wirks on skem segments that are & few years old. On
older seqinents, the terminal bud scars become obscure
a5 the stem increases in girth. The age of alder stem
s ments can enly be detarmined by counting annuzl
rings,

The age determined by counts of annual rings is an
estimate—an interpretation, There are many potential
siwrges af errar, But annval-ring-based ages are the anly
migans of reconstructing a year-by-year history of
Broasimy,

‘We brigfly cover Lhe following topics:

. What is an annual ringd,

What do annual rings indicate?
3. Taking sectians and cores,

4. Counting annual rings.

M e

What is am annual ring?

&n annual ring represents a vears warth of growth in the
girch of a waady stem.  Anneal rings are produced by tha
cambium, 2 thin layer of tssue located close ta the bark,
The cambium produces phloem tissue on the side facing

the bark and xylem tissua on the side facing the canter
T tha sbam.
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g the xylem tissue accumulates each yaar, the stem
increases in girth, and the cambium, phloam, and bark
layers are pushed mare distant from the canter of the
stem, One functian of xylem is to canduct waker from
the soil be the uppermast branches.

aantual rings are faund in the xylem. In conifers, the
xylem tssue is largely compased of tracheids, The xylen
of hardwonds is more diverse in composition. For
peample, hardwood sylem includes vessel elgments, a cell
type that is ahsent in conifers.

Vagsels and trecheids are tube-shapied, In many species,
the wascels and tracheids produced sarly n the growing
season are larger in diamebar than the cells produced
later in the growing season. The sylem composed of
large-diameter calls is called spring wood (or carly
wooady: the xylem composed af small diameter cells is
called summer wood (or laba woad). This annual
variation in cell size produces the bands commonly
referrad to as “anneal rings”

Lisially a single ring carrasponds Be one year's growth,
But sometimes a seasonal weather patlern can, in a
single growing season, produce what appeais to he
multiple annual Angs. This withinsyear band 5 refared
to as 2 “false ring™ and is one petential source of error
when estimating stem age. We will exarmine how to
distinguish tree annual rings fram false sings.
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What do annual rings indicate?

Counts af anneal rings indicate the age of tha stam. A
count of annual rings taken from the base of the trunk
indicatas tha age of the troe, I the Ere was alive at the
time the rings were caunted, the annweal rings can be
used bo calculate when Els tree was established.

Key Paiitt: A count of annual ings S0 ary peiat
ateg o Dving stem con be used te calculnte Ihe yoor
in whiick the given segment vas o fermingl Jeader,
For exaviple, the number of onnual mngs in @ cora
faken ot 2.5 or above ground fevel can be vsad fo
colculare tha vear in which the terminal fesdar grow
out af the prowse zone.

Taking sections and cores

dn lamge stems, the remeval of a tee core showld not
cause harm. Where passible, coring is the methad of
choice, In the case of smaller stems, the age will have
e be determined from a stem section,

Collection numbers. The ages of stems will be used
with cther plant measurements. To do that, one must
keew track of where all the data came fram, We
decument the identity of a specimen with a two part
collection number. For example: 97-223, The “57"
stamds for the year in which wa made the collection,

The “223" stands for the individual sample, The nombers
run in sequerce starking with 1

24

)

) ) )



) 2D

)

332D 3]

Coris, A coreis taken with an incrament barer that
consists of Ehree parts: a hit, an extractor, and a handle.
The increment borer is a standard tool available from
suppliers of forestry tools. Tn practice the bit is screwed
inko the tree by twisting the handle wntil the tip of tha
bit passas through the centar rings of the stem.

M center rings are seldom in the axact center of tha
stam. The asymmeatry results bacause trees must counter
the teadency to fall in the ditactizn in which they lean.
Bren hias the best chance of finding the center rings if tha
sbam is cored parallel to the direction in which the stem
l2ans.

After caring to the desired depth, the extractor is fully
ingarted intn the hollow hit. This pinches the core
against the wall of the bit and s2zts the core into the
teeth af the extractar.  The bit is then backed out a turn
or 0. This separates the care from the remaining stem.
The extracter iz pullad fram the bit dwing the core
along with it

The care is fragile and must be prokecied. Sometimes
the care is fragmented 2nd ore must presarsa the
priginal sequence and orientation of the core fragments.
Coras can be placed in plastic soda straws and sealed
with tzpe ar Oy pinching the ends ot the straw that have
bean heated with a butane lightar,

But cores will not fiz in many brands of sada straws. The
authors hawve usad the fallowing albernative (see diagram
on the nest page). The care is placed diagonally an the
corner of a square sheet of paper {to use a baseball

ar



analogy, this corner would ba hame plate). Tha paper
and care ara than rallad until the core is in the canter of
thie square (tha cama iz alignad with third hase, pitcher's
maund, and frst base). After falding the ends [first and
Ehird base] to seal the ende of the resulting tube,
cantinue ralling to complets the protactive caze. Place a
pieca of kape on the ramaining corner (zacand base).
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Tl hale in the tree trunk preduced by coring provides a
patential entry for insects and pathogens. Plugs and
sprays hawve been used bo deter infestation and infectian.
Gut sprays and plugs may inhibit the tree’s natural
defenses, Many Moresters leave the bore hole enpluggsd.
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Sections. Stems up to ahaut 3 cm diameter may be cut
with lepping shears ar hand preners. Some medels cut
by pinghing the stem against a flat anwvil, while athers
Cwikh Lo sharp blades) cut with a shearing action.
Anvil-type cutters crush the stem and may maka it
difficull £ 528 the rings, The rings from sections cut
with shearing-type cutbars can offen be counted witheut
Further preparation,

Larger stem sections will probzbly have ta ba cut with a
gaw. Cparse-toothed saws leave a surface that will
require treatment hafore the anmeal rings are countahle.
Even fine-topthed zaws leave a rough surfaca.

Stem sections are relatively durzble znd can be
transported in small envelopas.

Counting annual rings

Magnification.  Wlen we look at 8 oo ar seckion with
Ehe maked eye, we see Ehe banding that is produced by
Ehe gradation between large-diameter cells (spring wood)
and smaller diameter cells (summer waad). Bul what
mivy appear ke the nakad eype to be 2 single ring may,
undes magnificalion, inclede two or more fngs, (A
recuced growth rale==panow fngs=—is o fesult of
intense browsing.y  And while one can use an 3=ta-10-
povwer hard lens ta examice the core in the fald, a
dizsecting microscope 5 essential for an accurate count,

Drientation. To ceunt annual rngs one must detarming
which cells represent the annual cyele of spring waod



followed by summer wood. In a hardwaad core we mostly
distinguish annual cycles by loaking for large-tg-small-
diameter patterns in vessel cells. Te compare cell
diameters, we lock end-on into the wassel cells by rotabing
tha care under the migroscope unbil we have the proper
arientation,

The core can also be criented from its general appearance.
The ircremant borer cuts the top and bottom aof a vessel
cell relatively cleanly but shieds the sides of the cell, The
two surfaces of the cara that zre shradded mark the sidas
of the core on which the sides of the cell are expased.
The ends of the cell are exposed at a 90 degree ratatian,

Preparation. Poorly sharpenad cutting tools create a
coarse surface that obscures the rings, Uswally cores and
sections must be prepared hefare rings are countable,
sorme bialogists glue cach core to a strip of wood and
sand the care with progrezsively finer grades of sandpapar.
Wihile this technigue protects the core fram breakage,
thera are sama dicadvantages. First, the core may bwist in
the bover as it 35 being cut from the tree, As a result, the
Longitudinal orientakion of the vessals changas fram one
end of the core to the other, IF one gluas the com toa
strip of wood, one may rot be akle ta reorient tha carz to
ook down into the vessel cells, Second, sanding may
mash tha sides of tha calls thus praventing & visw into tha
inbgrior of the cell,

We Bave obtained excellent views by trimming the surface
af tha care or seckion with a sharp, cingle-adoe razor
blade wader the dissecting microscope. There ara the
faollawing disadvantages to this technique. First, the care
may break, If this aecurs, ane must keap track of whare
the piacas came from so the core can be “reassembled.”
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Secand, it s all too easy b cut yourself, This hazand can
be reduced by holding the core with farcaps and by using a
sharp blade, Portions of sections (from the center ring to
the bark} can be similarly prepared with a razor blade,

In conifers, the annual grawth rings are mainly
distirguished by the difference in the color of spring wood
compared to summer woad. A varety of substances (such
a5 kerosena) have been used ta accentiate the color
kanding.

Sections wersus cares. Cawnting annual rings in sbem
sections has certain advantages over counting rirgs in
cores. A stem section will cantain the first annual ring
while, in a corg, the garliest annual rings may be absent.

In a stem section the location of the center versus the bark
is obvious, In a cong, the bark may be detached, and one
may become confusad as to whick end of the core came
fram the center of the stem, We first describe o annual
rings would be counted in a stem section and than axplzin
how to hzndle the potantial problems specific to cores.

Counting rings inm sections. One should hegin by
identifying the annmual ring that was produced in the first
growing seasan. The central area of the stem typically
conbains bwo regions: one with a wavy border, and one with
a harder that is less irregular {see dizgram on next pagel,
The wawy border is the relic of the primary xylem that
devalpped at the beginning of the first growing season,
Outside the wavy ragion is the secondary sylem that we use
ta mark annuzl growth eycles. The ranghly circular bordar
of this second ragion marks the end af the first grawing
seasnn and i counted as the first annual ring. One then
counts the numbear of annual rings that developed aftar the
first growing season,

i1
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As a stem agas, tha oléer xylem in the interior of e
stam becames plugged with a varieky of substances,
Wazer is conducted in the yaunger sylem tissue. The
non-conducking xylem is callad “hearkwood,” the younger
wylam “sapwaond.” The vessal alements of Beartwood may
become filled with a material that cbscures the line that
marks tha transition between the summer wood of ane
yaer and spring wood of the nest, When this occurs,
annual rings must be distinguished by cell diameter
zlane, and often faw cells can be clearly seen. Ikisa
good idea to continwally remind creself that tree ring
caunts give an estimste of stem age,

A gradztion in call size (From spring wood o summer
wood) fs ore indication of an anneal ring, Bul as
mentioned abowve, seasamal weathor gatlems can cause
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cell-size transitians that falsaly indiczte an annueal cycle,
In hardwaads, false rings czn be dekacted by the
smogthaess of the transition zane. When the cells ama
o my ragdly eady in the grewing season, thera s a
space betweaen the outermost vessel harders of tha large-
diameter cells, Whan false rings farm, these spaces are
filled by smaller-diameter vessels. & trace of the transition
would fallew a zig-zag pattern. In contrast, there is not a
larce space between the outer barders of late-season
veszals, Whan these cells stap grawing at the end of the
vaasnn, A ralatively smocth line marks the limit of seasonal
growith.

Handling problems with cores. Thame ara bwo comman
problems:

1. The cera may nat cantain the center rings, As a
resull, we are uncertain where te bagin aging the
care.

2_ The cora may be fragmented and the piacas
chisamonted, A a result, we may caunt rngs that
came from the appasite side of the tree {i.e., from
past the center of the stem]).

If the core came close to the cenber ring, one could
estimata the number of rings that were nfssed. The
estimation is made by drawing concentric circles using as a
quide the width and shape of oldest anneal rings that are
vizible.

Because young plants are seldom browsed For the first
couple of years, the first few rings are usually relatively
unifarm in width. {0ften one can get a sense of this
variability if one has taken cores of similar age at the site,)
In a core that missed the center by an estimated five years,

X



the error due ta ring-width warability (during those aarly
yaars] will Likaly be a year ar sa. Depanding on the
objectivas of the sureay, this level af confidence may be
acceptabla.

1yr
! b
[ T
(R e
ool L
e e
T s A R R B A [ W W]
Il.lh.:'-'_ ' ' :: 5 1I:| I;; 1I'."

Fragmented cores pose tao kinds of problems. First, iF the
core exlemds beyemd the cenler rings, coe may inadvertently
include those annual rings when estimating Lhe age of Lhe
stem. Second, iF fragments are Mipped end-to-end, the
detection of Large-ta-small cell size transition becomes
eonfusing.  Ohwigusly, it wauld he hest to awaid breaking the
corg ar, having done so. disturbing the grientation of the
fragrents. But these things happen. We describe some
possible approaches to handling these problams.

One can aliminate extraneous rings from the sample in the
field by breaking the core ofF just Beyond Lhe center rings,
[T this is done, any fragments fram the center-end of the
core should have rings that curve,  This curvature can be
used for origntation. But there may be a disadvantage to
breaking the core, Sometimes the rings on the distal side of
the core can help ong understand the ring pattern that
pccurs on the proximal side.
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{One can eriank fragments and-to-end wndar the
micrescppe by being consistent in how the core is placed
on the microscope stage. The authaors consistently place
the center-end of 3 core to tha left. This means that,
within each annigal ring, cell size should increase from
left to ight. Amy fragment where rings are not curved
can ba repriznted fram the pattern of cell-size transition.
Fragmeants with curved rings can be reoriented wsing a
combinatien of cell-size pattern and direction of
curvatura,

ey by py b Ty

‘\"—break

5 O 1 T P Y Y

7

Can't be arienled correctly.
Curvas ara irn wrang direslion.

S T

Transition in o2l size is reversed. Fragment
must b2 flipped end far end.
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Calculating The Year Of Stemn Elongation

While & primary stem increases in girth throushout its life,
a given annual segment af the stem only elorgates the
year it is a terminal leader. The architectures described in
this boak are basad an the affect that browsing may have
hzd on the tarminal leadar. Browsing histories are
reconstructed by determining whan thet effect ooourned.

I other wards, we must often determine the year in which
2 given primary stem segment was a terminal leader. The
calculation is:

Elongation yaar (¥, } = Collection year - Annual rings + 1,

Elongation year is the year the segment was a terminal
leader, Collection year is the vear in which the last annual
ring was formed,  IF the cose or section was collected
during the qrowing season, the corrent calendar year would
apply, If the collection was takan from January throwgh
about sarly May, tha corract collaction year would be the
pravious calandar year. Far questionable samplas, yau
should be able to tall if a complete annual cycle is presant
in the last ring-

To understand why 1 must be added e stem age, considar
the case of a terminal Leader, IF a terminal Leader was
zectioned in mid-Awgust of 1995, it would tontain ane
annual ring,  Because we ane cxamining a terminal leader
[that is current-year-grawth), we know that the elongation
yezar 15 1595, That is,

1445 = 19495 (ie., collection wear] -1 {2nnual ring} +1.
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The History Recorded By A
Single Released-type Tree

recanstructian, consider

the case of a single
released-Sype aspen.

s a finst step, [

pstahlish the 2 By
nualitative

histary recorded

by the trea. It

is apparant that

the dead, dy @

vertical stem
was the initial iy 1

teunk. That : LF
trunk grew to a height of 1.0 m before it died. Hearby,
young aspen are currently b2ing nipped at 20 cm abave the
ground, 50 brawsing intensity must have besn light-to-
mpdarzte when the terminal laader first grew into the
hrowse zana.

Mg oo example of histong g,b
A

[lusters of bite-markad twigs on tha inikial trunk's dead
branchas indizate that intersa browsing was responsible for
its death. The growth of the live trunk through the brawse
rong indicates a subsequent perigd of light-to-moderate
browsing. Branches on the second Erunk have been
highlined, indicating a laker period of inkense browsing.
These preliminany observations suggest that the tree
exparienced a four-stage browsing history: 1} light-ko-
modarate, 2) inkanse, 3) light-to-moderate, and 4] intense,

o



Mext we examine how stem agec can be usad be astimate
when these transibions ocourred. The circled numbers in
tha diagram carrespand to the taxt sections below.,
Adjacent to the circled numbers are the stem ages
estimated from cares and sectians that were collzcted in
July of 1994,

1. A core from 30 cm above the ground was used to
estimate the age of the tree. This height is as clese to
the ground s one cauld easily core given the length of
tha increment borer handle. I the terminal l2ader had
been nipped at 20 cm, a core at 30 cm would
underastimate tha tree's total age. But this stem did nat
fiork, 5o the opre ab 30 om provides a close estimate of
total age. Using the formula cescribed above, we
estimate thal this ree was established in 1965,

2. A section taken Trom Lhe dead imLial trunk at 50 co
abave the graund contained 4 annuzl rings. Because the
inmitial teank grew o 1.0 o Lall, we agsume thal browsing
was light-ta-mocarate when the terminal leader graw
thraugh the 537 om level, We might Nerther assume Lhal
the primary stem grew to 50 cm tall the vear after the
tree was estzblished, This would have eccurred in 1966,
From the four annual rings we knaw that the initial trunk
lived Four years before it was killed by Drowsing in 1965,
Brcouse clusters of bwigs formad on the branches, we
know Ehat there was at least one year of intense
brawsing before the trunk was killed. We might estimate
that this occurred in 1968,

3. A core taken at the base of the second trunk (at 30
<m) indicates the wear in which the terminal leader
hegan to grow through the browse zone, This cone
contained 24 annual rings, so height growth mesumed in
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1071, That year marks 3 transition from intense browsing
b light-to-modarate browsing.

&. Fram 50 cm ta 2.5 m, the trunk did not Sork indicating
Ehat browsing was Bghtta-moderate throughout that
periad af stam grawth. A core taken at 2.5 m contained
18 annual rings, The trunk reached that height in 1977,
Fram this we know that fram 1871 —the year of releasa—
b 1977 browsing inkensily was light-to-maderate. But we
can sea that tha trae is highlined, sa we know that the
tree was intensely browsed some time after 1977,

. This dead branch at 2.0 m above the groend provides a
clue as to when brawsing intensity might have changed
from Lglib-Lo-mederale o intense, The banch is
terminated by a dens2 cluster of twigs indicabting intense
browsing., But befme the dense cluster of Wwigs formed,
tha branch grew straight. This straight growth would only
oceur if the Lranch was nal browsed,

We seckion this branch at teo lacations;
a) &t the basze af the branch, and
bl jusk Lelow the clusker of twigs,

From the zectian at
the base of the
branch we can
determing the total
number of years
that the branch
surviwed. This
branch Lived a total
of Four yazrs.
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Fram the section at the base af the twig cluster we can
determine when, in the life of the branch. the cluster of
twigs formad. In this case, the kranch took one year to
grow from the trunk to the basa of the twic cluster.

Because this branch was dead, we cannot determine with
cariainty the years in which it grea. But we can make an
educated guass. While branches may devalop from buds
that hawe bean dormant far more than one year, the
kree’s main branches often develap fram buds that have
been darmant a single year. If wa assume this to ba tha
case, we can estimate the year in which this branch gree
fram the annuzl rings in a care taken at the same leval
as the branch. This come contained 19 annueal rings
indicating that the terminzl Leader grew through 2.0 m
tall in 1974, The branch would have been produced the
following yvear in 1977.

After its initial grawth in 1977, this branch experienced
one year af straight grawth [light-to-modarata
browsing]. The segment that develapad during tha 1973
growing season was browsed,  If we absarved that
browsing in this area bypically accurred in the winter, we
could estimate that browsing intansity increased from
light-te-moderate to inkense in the winter of 1973,

Estimating The Duration And Beginning Year
Of Current Intense Browsing

The method is based on the cluster of twigs that is
produced at the end of an intensely iowsed stem,

160



}'3.2.)

)

Yy )

Heasurements and sections of tha plant helow were Taken
in August 1994, The section at the base of the primany
stem contalned 9 annual rings, The stem experianced 9
growing seasons, indicating that it first elongated in
1934,

the stam indicate thatthe

segments producad in

1986 and 1387 were

browsed. But ng complats - Ag =
annual segment was

killed. The primary sbem

gxperienced a light-to-

moderate laval of

Browsing in those years, Hpyg = 1.0

Between ground level and the base of

the twig cluster, the stem is relztivaly

steaight. The small stubs midwiy up i —
= slulz

base of the cluster (8 |
contained ¥ annual rings.

This stem segment was a
termimal leader in 1933,

A section zakan at the , t’

,ﬂ.

From 18986 through 1888, the primary skem experisncad a
measurable net height-growth. But after the 1938
qrawing seasan, the situation changed. As in the
preceding twa years, a partion of Che 1988 stem segmenl
mmained alive, 5o as in previcus years, tha 1988
segment experienced lght-to-moderate browsing, But
instezd of growing markedly tallar, the primary stem
formed a cluster of twigs that has praduced litte nat
helght growkh sitce 19349,
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Was the stem intensely browsed in 19897 With care it
ray be possible to identify the first {i.e., the oldest )
annual segment that was killed by browsing. But while
Lhe reconstrection of 2 twig dusters brawsing histony
may be theoretically possible, it may be inoréimately
complizated to do so given the marass of dead twigs
that may be present.

Key Potrt: We vse the year aof twig cluster formation
w5 an estimake of when the bravsing lavel incrensed
to fkense,

Qur rativnale for assigning the onset year may bost e
understand by considaring the vear-by-year histary of
the plant . The table an the adjacent poge deseribes
the number of annual rings that wauld be found on a
stem segment produced during a given growing season.
For exampla, the stem segment praduced during the
15653 growing seasan would contain b anneal, rings
and would e one year cld in 1994,

Wio knaw that the stem segments produced in the 1986,
1937, and 1933 grawing seasors wera light-to-
maderately browsed, The answer to tha question Wi
e seamient infensely browsed? can be answered “Kg,”
From 1%E% through 1993, we answer that question with
A "Possibly.” Berawse wa measure height to the tallest
previous=year-growth, tha currant growing seasaon
should et be included. And iF wa are maasuring plants
in mid-summer, potential winter browsing &= morths
away, The plant may—ar may not—ba browsed.
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Waar Burriber ol Sanrneni Imansnly
annual rings | age in years Lrowwsad
1004 1 v hA
1883 2 1 {pyg) Foseikhy
15182 a3 2 Possinhy
1991 4 d Poasibly
1930 o S Peasgibly
150 5] 5 Passibly
138E 7 g M
1587 1] T Mo
180E o | H M

Therefore, the stem exparienced five “possible” years of
inberse Lrowsing, o twe years less than the age of the
skem segment on which the clusker was bome,

The farmula for the duration of the current pariod of
inkense browsing (0} is

b=A-2
where A, is the age of the stem segment an which the
clustar was borne,
In the example above:

0=7-2

D=5y
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Tha formula far estimating the year that intense browsing
began (¥} is:

¥, = Collection year - A+ 2

Pt another way;
¥, = Collection year - 0,

In the exampla abaove:
¥, = 1994 - 5

¥, = 1989
Selection of stems for measuramant
The etems are amang those selected for classifcation
when datermining the current level of brewsing (see

pages 63-67), Those stems met the Fellowing criteria:

1, the stem will be &0 - 150 em tall, and

2, the stem will not have baen mechanically
pratectad by older stems,

Key Paiwt: There Is an important aaw citerion: He
twiyg clusler moust cortain ot feast ane five bwin,

Amang the full set of pimary stems examined during an
assessment of current browsing level, those that were
light-to-moderately browsed would not be terminated by
4 tluster of twigs. The data pertaining to histeny
retopstruction [H:r-;' L. &, and A7) would only be
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collecked for those primary stems that wera intansely
browsed. Where infense browsing began one ar tw
years ago, the Formation of the twig cluster wauld be in
the beginning stages. [n this case, it is easy to
distinguizh the first annual segment that was killed by
browsing. The L measurement would be taken atb b
basa of that seqment, (Ses diagram an page 111, )

Complications

Twig clusters. After a Lwig cluster farms, lzteral
branches may develop from dormant buds lower on the
stem. If these branches develep much belaw the
original cluster, it may become difficult ta identify the
base of the original cluster, As long as the original
cluster can be distinguished and remains alive, the age
relationships can be used to estimate the onset of
intens2 browsing.

Limited time span. This method can only date the
onset of intense browsing within the patential Lifespan
of an intensely brovsed stem. This may be less than
15 years.

Over time, the oldest generatinn of intensely browsed
stems on & shrub will die and may be replaced by
younger sbems. O, the eotire shrub may die. These
younger skems will be intensely browsed when thay
ewbend beyond the protective canapy of the older, dead
stems. These younger stems will develop twig clusters,
but the date indicated by those clusters will not be
accurake.



When the duration of intense brawsing exceeds the
Limitatiens posed by this methad, it may he possible to
appraach the problem fram anather directicn, Mamely, it
may be passible to estimate when intenss hiowsing began
tnr determining when light-to-moderate browsing ended.
The firal section of this chapter dascribas such a methad,

Case study

The data sheat en the adjacent page 5 & continuation of
the sheet that was bequn ¢n page TE. In that case study,
anly the “Intensity level” column was completed, &
reconnaizsance-level survey wadld have determined
“eurrent brawsing level” and perbaps continued bo the
trand manitoring described in Chapler B,

Bacause we elacted to canduct a compeehengivi-lavel
survey, additional measurements and samples were taken,
The H“ and L measurements were taken from the same
stem that was used to classify intensity Level, IF o plant
was clzszified as being light-te-maderately browsed, anly
the H and A data would be nzeded.

Sections were cut fram the base of the stem and jusl below
the cluster of twigs. If the plant had been Light-Lo-
moderately brawsed, tha twig cluster data would nat apply.
Both sections ware placed in a single envelope that was
labeled with tha callaction numbers, The annaal rings
wiere cpuntad under a micrascape and recorded in the
appropriaba column. There is ne need by have the separate
envelapas for the sections. Onca the vings are counbed,
the aldest section is the basal section.
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The data are entered into a spreadsheet in much the
same form as they appear on the data shaet. [The Hm'
L. and & data will be used later) Tn a spreadshest area
adjpeent to the data black, a column is labeled “0,." For
gach plant For which there are data (there would be none
far light-ta-moderately browsed plants), an estimate of
the duration is caleulated by: & - 2. The mean duration
and standard erier is caleulated at the battom of the
cipliin m,

AL this gite, the mean deration of intense hrwsing was
5.4 £ 0.3 years (= 5E). The samples were collectad in
1997, therefore the beginning year of intense browsing is
gstimatad to have been 1997 - 5.4 or 1802,

The beginning year was similarly estimated for two ather
gibes in the sample area. The result:

Site 2. Duration: 6.2 * 0.5 years [+ 5E). The
estimated beginning year: 1991,

Sibe 3. Duration: 5% 0.1 years [£5E), The
estimated beginning year; 1992,
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Net Annual Height Growth Rate

[ the final chapter of this baak, height-grawth rabz is
wied ko assess the prabability that plants will grow to
thelr typical stature, In this chapber we describe
methods of detarmining that rate,

First cansicer how pne might measure the growth rate of
an unbrowsed plant. At the end of the growing season
we might measure the toktal height of the plant ta the tip
of current-year-growth, and divide that height by the age
of the plant. Awerage annual grewth rate [AGR} would
ke calculatad by

NGR=H_ /A,

For esarmple:

AGR =90 cm f3y ——f
AGR =30 cm fy




Hext consider the case of a light<to-moderately browsad
plant. Depending on when we measure the height of the
plant, current-year-growth may have been browsed.
Growth rate data will be mare consistent if height is
measured to live previous-vear-growth.

The height to Live
previaus-year-growth
excludes the dead stub
that is akowve the point
where current-year-grath
develasped. Because soms
of the stem wis removed
by Browsing, we are nok
measuring the total
lergth that the stem grew
during khe preceding
grawing season, We am
easuTing an sverage net
annual grosth rate
(HAGR):

I'II'.l'ﬁ.r= 77 om

IF the measurement is

Laken after current=year-

growth has begun, ane year must be
subtracted fram the age of the plant,

NAGR =H__/ (A, -1}

For exam ple:

HAGE = 77 cm f {3y - Ty)
HAGR = 77 cm / 2y
HAGE =39 cm /v

110

} 222D

)

)



)

)

P 2D

The intensely browsed plant belaw has a bwo part
histony: 1) an early pariod of Light-to-mederake browsing,
and 2} a subsequent perigd of intensa brawsing. We can
astimata a net znnual growth rate for both perigds,

Ta calculate an avarzge net annual growth rate for the
early periad of light-to-moderate brawsing, ong would
ideally measure ta the tip of the annual segment that
lzst grew during light-to-maderate browsing.
Eut this tip may ha located in a morass of
twigs that comprise the cluster. It may be
difficulc to find the carrect twig.

Alternatively, ane cauld

measure height of the
Light-to-moderataly

brawsed stem segments up

to the bass of the cluster

Because we exclude the T
segment length that lies LU
within the cluster, this

methed of measuremant it |
underestimates the length

of segments Chat grew

during light-to-moderate -J-_"a'HF
Braowsing. =

Ta calculate nek qrewth rate we need Lo know the
number of years that the stems grew under light-to-
maderate browsing, The ages of the stam segments an
the plant above are identical to the case prasented on
pages 101-102, Fram the table on page 193 we see that
three annual seginents are definitely knewn to have been
Light-to-moderately browsed.
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The formula for calculating the number of years that the
primary skem was light-to-mederately browsed L

D= (A -A)+1

In the example on the previcus page, the duration of
light-ta-moderate browsing is:

D= (A, -A)+1

Oy = 9-71+1
D|._|.|_= Iy

bsin the previgus examplas, tha awarage net annual
grawth rate is caleulated by dividing height by duration,
The height to the base of the fwig cluster is used as an
estimate of the height-growth under Light-to-moderate
browsing, That height is calculated by subtracting L
from H_ . Therefere;

NAGR,, = (H_-L)/D,,
MAGR,., = (10D cm - 12¢em) /3 y

MACR., = BBcm /3y
NAGR,., = E9cm [y
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We estimate an average net annuzl growth rake for the
period of intense browsing in a similar way. L: is psad as
an estimzte of the net height growth that has occured
since intense hrowsing hegan. Because |, imcludes a
particn of a light-to-moderataly browsed segment, wa
know that it owvarestimates net height growth under
intense browsing.

In tha example above, the duration of intense browsing is:

D =4A-2
=7 -2
0 =5y

1

The average nat annual growth rate 15 caloulated by
dividing L. hy duratian.

NAGR, = L_/ D,

NAGR, = 12 cm /5y
NAGR, = 2.4 cm [y

Important Poimt: ."JAE.'E'LIH ungderestimates
e octuol growth that accurrad pnder ligiht-
fo-moderste browzing. NAGR,
overestimates the growdh that ocouwmed
during the periog af intersa brewsing.
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Case stucdy: The average growth rates at a site

On page 108, we described how a spreadsheet was used
to caloulate the duration of intence brawsing.

Adjacent to the bleck that contained the data, we
added & column labeled D" where we calculated the
duration af intense higwsing fer each intensaly
browsod plant. We now add three addizianal columns
to the spreadsheet: 0. NAGR, and MAGR, .

Ir the eslumn laheled Dm we calculate a walue far
each plant using the formula:

By= (A, -A) =1

In the column labelad I".I.FI.GF!r. we calculate a value for
each plant using the formula:

MAGR = L/ D,

In the column labelad NAGR . we caloulzte a value For
each plant using the formula:

MAGR,,, = ':H._..J - L._-:' f0,
In each case, the sprezdshest formulas can be
constrected by *pointing™ to the appropriate values in
adjacent columns.
Once a farmula has been constructed For the frst cell,

the farmula can ba copied to all spreadsheet cells Lower
in the calumn.
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If light-to-moderately browsed planks wom present,
thase cells will contain zeras in the Duration

column. Dividing by zero in the HAGR columns will
prodisce an error meseage. The eroneous values should
e delsted hefore computing the mean and standard
errir valuss at the bottom of the respective colurms,

The table balow presents the average net annual grawth
rates for each of the thrae sites in the sample area. The
data for site 1 wera described on page 107.

Sie MAGH [ HeGR )
15E=0%cmly auiiGemiy

a 22EA0Eemiy Do 0Fanidy

1 1AL Tamily A7 £05emiy

The diffarence in growth rates (light-to-moderate
cpmparad with intanse) shauld be interpreted with
cautign. Current intense brawsing likely accounts—in
part—for tha fzct that NAGR, is smaller than MAGR ..
Eut growth rate evanivally declines with age, <o some of
the differenca may be due to that effect. [n Chapter 7
we will focus on the implications of low valuas of NAGR .
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Reconstructing A Long-term
History OF Browsing

The rase studies in this book have focused an Geyer
willow growing an a part of the Wisdom District of the
Beaverhaad-Deerlodge Mational Forest, In Chaptar 7 we
will place the willows current sttuation in a histarical
CONtERE,

In Chapter ¥ we will pose the question: Is what we sea
today onasee! coripered to whad fos ocourred in the
past? But for reasons explained below, we will shift aur
attantian to another browse species. Three factars
influancad that selection:

1, lifespan of individual stams.
2. age structure.
3, preference of the browse spacies by ungulates,

Stem lifespan

The architectural affect of past browsing is presarved in
& plant’s lower stem, A sile’s history can only go back
as far ac the zge of the oldest stem, The longest
browse-use histaries will be basad on species whose
stems have a long lifespan, Compared with those of
aspan and conifars, Geyer willow stems are shart-lived.

Age structure

A site’s browsing histary is eanstructed by examining
plants of different age. To aveid gaps in the historic
record, all ages must he reprosenbed,
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Important Point; Trees ond shnks ore
estoblished episodically. For example, ar some
sites fire is snmardly responsikile for inducing
the growth of yvoung aspen.  The absence af o
particelar ape cinss coald b2 due to tha obsence
of factors fevorable for the developmant af
yourg plants,

We Frve seen that browsing can kil yvooung
plents. The chbserce of 6r age cless cowld be
e fo Browsing.

But without brgilile eviderce, ame connol
alstingoish between el of the possitle reasons
Jar whick plerts af a given oge closs are ghsent.

The bisteric record thet is reconstrrcied below is
vesticted (o perfods for which here 15 divect
evidence for a porticwlor level of Browsing.
Periods where there 5 no evidence ore lgft
lantk,

Preference by ungulates

Ungulates prefer to vse some browse species such as
aspen owar athers such as spruce. When browss use
increases, highly-praterred speciec ara intansely used
before less-preferred spacies. When highly preferred
cpacies are depleted, the use of lass-highly prefarred
SPRCIES NCI2ases.
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0n a site that has been intensely used For decadies, the
youngast uninterrupted growth-type aspen may be many
vears old, Amested-type aspen are bypically shork-lived,
Aza result, there may be no lve middle-aged aspen. The
browse-use histary would contain a corresponding gap.

On the sama site, sprisce will lkely have been intensely
used more recently conpared with aspen, As a resull,
there will be a smaller gap [or aa gap) in the lorg-ter:
histary that is recarded by spruce,

Each of the ahave factors should he weighed whien
selecting the species that is ultimately wusad to depick
tha browsing histarw  The goal at this point should be
reconstructing the langest history that coalaing the
Fewest possible gaps. Interpreting that histasy (in the
final chaptar) will zccount for the poteatial effect of
browse preference by ungulates.

The fellowing case stwedy illustrates & method of long-
term hisbarny reconstruction.

Case study

Lonifers and aspen rear Che Wisdom Distrck samole arca
were considered as potential subjects, The qualitatoe
histony described below required ro more tham a few
minutes to take and indicated that aspen was Lhe species
a7 chaice.
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Preference. Conifers were present in 2 wide range of
zges, all of which had unintermeptad-growth-type
architecture.  Young aspen in the sample area had
arrested-type architecturs, Older aspen close ta the
sample zrea had uninterrupted-growth type architacture,
Bacause aspen and Geyer willaw both sxparienced
intense nse, while conifers did not, aspen hetter
indicates the past browsing of Geyer willaw.

Age skructurs. The sbams of the alder aspen rangad
rather evenly from about 0.2 5-ba-1.5 metars in
circumference. It appearsd that a wide range of ages
were present. Tt did not appear that thers would ha
majar gaps in tha reconstrected histong.

The long-term history was recanstructed in three stages:

1. Feriods of light-to-moderate browsing wers
identifiad.

2. Periads of intense browsing were identified,

3. We lnaked for avidence that light-to-moderate
browsing simultaneausly sccurrad with inbense
brawsing.

Identifying periods of light-to-moderate browsing.

By definition, an uninterrupted-grawth-type tree that
nas grown taller than the brawse zane esperienced Light-
to-maderate browsing as the terminal Leader grew
through tke browss zona, The astablishment year of the

free approximately marks the beginning of that period of
light-to-maderate browsing that is recorded by that tree.
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finding the establishment vear of all such individuals

ak the sike, one can davalop—For those trees—a
compaosite picture of when light-to-maderate browsing
occurred.

& tres was claszified as uninterrupbad-growth-type if the
live stem did not fork from a dead vertical stem betwaen
ground lavel and 2.5 m. The dead vertical skem must also
be one or more years old, While this was the criterion
used far classificatian, twoe additional Lines of evidence
were considered when examining each tree:

120

1. The trank was examined for steaightioess, The Lrenks
of trees that have been browsed early in Lifa aftan
ri ina zig-zag fashion. The 2ig-zag growth
rasults when the tip of the primary stem is brawsed
anel subsequant qrowth develops fram a lateral bud,
As a rasult, current-year-growth divergas fram
previous-year-growth ab a noticeable argle,

The trunks of alder trees at the site wera quita
straight. The trunks of zome younger trees exhibibad
& zig-zag patbem, but none of these indicated that a
camplete annual growth segment had bean killed by
browsing.

2. The trunk was examined for a furrow that might
hawve been produced by antler rubbing, An ungulate
may partially girdle a young tree by artler rubbing.
Vircwally all young zspen in the area axhibited
rubbing scars. If a tree increases markedly in girth
after such an injury, the scar wauld be reduced to a
furrow, Smooth-surfaced bark would indicate that
injury did nok eccur.
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While older aspen exhibited a range of injuries, zll
af these appeared to have occurred ralativaly
recently, Thers was no evidenze that alder aspen
experrienced an early period of antler rubbing similr
to that which has coourrad in recent years. Whils
antler rubbing is not the same as browsing, its
recent appearance indicatas a changs in ungulalke
behaviar at the site,

The combined evidence indicated that individuals
clzssified as uninterrupted-growth-ype truly experienced
Light-to-mgderate use during their youth.

Tree age. [t would ba impractical and potentizlly
harmful to cong cach uninterrupted-growth-type tres in
the stand, Instead, ages were estimatad using
cormelation, which detarminas tha ascociation between
two varialles,

The carrelation was developed from 2 zample of 10 trees
in which; 1) circumferenca {C) was measured at 30 cm
abeve groumd level, and 2} age was determined froin a
core taken at Che saine height. The correlatian madel far
the site:

Age = 3,87 + 0.790 (r= 0.91, F < 0.0003)
The cireumference of 136 uninterruptad-growth-typs

treas was measured, The establishment yaar was
calculated for each trae,
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The graph helew plets Llevel of browsing intensity on the Y-
axis and year on the X-axiz, On that graph, the
establishment year of each light-te-moderately browsed tree
marks a paink in Lime inowhich lght-to-moderate browsing
acgumed

Intensity of Aspen Browsing

Intense

) (e e N

& ra ke

Light-ta-

T T T T T T T T
910 1930 1950 1970 1730

Estahlishmant Year

1 i ] ]
188 1E7Q 1650

Differences in site environment will cause trees of the same
age to differin girth, As a resull, for some individuals the
calculated establishment year will be inaccurate, But
establishment year marks the beginning of & perfod of Light
to-maderate browsing.  For reasons described below, that
period iz estimated to be 5 1o 10 years, This lecway
samawhat mitigates the erors that may arise due to the
inaccuracy of estimating age based on girkh,
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Identifying perieds of intanse browsing. Arrested-type
aspen were aced from secticns o terminal bud scars. All
ware gstablished between 1937 and 1995, The years when
the arrested-type plants established wene plotted oan the
graph as years of intense browsing.

Check for simultaneous intense and light-to-modarate
browsing. Twe situations were checked fars

1. Did intense brewsing also occur during the period of
light-to-moderate browsing (1865-1974)7

& id Light-to-maderate browsing also ocowr during the
periad of inkanse browsing (1987-1998)7

Releazed-type treas estzblished from 1865-1%74 wauld
have besn evidence af intznse browsing during that tima,
Tress af this architecbuna type wer2 nat present. The
ctraightness of the trunks and the absance of furrawing
(du= to antler rubbing) indicates that these traes did not
experience the sama level of use that ocours Eoday. There
iz no avidence that intensa browsing occurred during 1865
ko 1474,

Sinca 1974 ma aspen has grawn ta tree stature in the area.
Except for individeals short enough to be protecktad by
snowoaver, all young aspen are intensely browsed. There is
no evidence that aspen experianced light-to-modarate
browsing during 1987 to 1994,
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The reconstructed history. The histeric record provided
by aspen extends from 18465 to the prasent. However,
there is 3 gap in the record from 1975 to 1986 that
occurs because no living aspen established during thakt
tima. For several decades pricr to 1975, browsing was
light-to-moderate. After 1986 browsing was intense.

&n azpen is vany sansibive to intense browsing for a few
yaars after establishment, For this reasen it seems
Likely that the increase in brawsing intensity occurred a
Few wears after 1975, the establishment year of the
yaungest [hne aspan tree. An aspen wauld Likely require
& b 10 years of Light=to-moderate browsing to become
lass-zansibive to intense brawsing, This would place Else
increase in browsing level sometime in the mid-1930s.

The browsing history at the site can be characterized as
Follows. The historic recoend provided by aspen begins
about 1365, Browsing was lght=te-moderate from 1865
ko the mid=19805, after which biowsing was intense,

In Chapter 7, we will use this general pictune of
browsing histary b place the current situation in the
contit of Bl site's long=tarm histony,
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CHAPTER 7 DR

LONMG-TERM CONTEXT

Placing the currant situation in a long-term historical
contaxt i the final step in the evaluation process. Lets
recap how we arrivad at this paint, An area was
suspacted to be heavily used by ungulates, We initiated
a3 comprehansive-level survey, Data were collected that
allow us to addrass the questions rised in the
Introduction of this book:

1. How do we describe the site’s Grawsing level?

2. Is the current sikuation unusual compared with the
situatian that has prevailed historically?

3. WALl trees and shrubs grow tall? Will they attain
their typical statura?

4. IF browsing currently prevents young plants from
growing bo thede typical statuee, how lang will it be
befars the site consists salely of chart-statured
plants?
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BEROWSE SURVEY SEQUEMNCE

Qualitative Browsing History I

Measure Currant Browsing Lewval

Result:
Parcant plants intensely browsed.

level Survey

Comprehensive-

Delermine Histarie
Erowsing Lovel

Resdt:
L. Currant growtl rate
2. Hislory

Reconnaissance-laval
Surnay

Pace the Currant Conditian
in a Historlc Conbext

Result:

1. Will plants grow “tall7*

2. Is curren® sibuabian unusual?

LA

Document omgoing tremnd
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Is The Current Situation Unusual?

To answer this guestizn, we axamine the site's lang-tarm
histary of browsing. To reconstruct that hisborny, we
selectad tha species that best partrayed the changes that
occurred aver the past century or so. A change in the
laval of wea far any spacies has implicatiens for all other
browse spacies at the site.

In the Wizdam District cace study, the lang-tarm histony
was based on aspen. Azpan wers intansely browsed For
abaut the past 10 yaars, and light-to-moderately hrowsed
for abaut the preceding cantury. The current leval of
aspen use is decidedly unusual campared with tha Lewel
that pravailed hisbarically

A deviation trom the histaric browsing norm implies that
ather ecological gracesses are changing as well.

Will Trees And Shrubs Grow Tall?

In the previows chapter we calculated the net annual
growth rate (NAGR,) that has existed since intense
browsing began. We alse measured the height of
previcus-year-grawth above qraund level (H_ ).

Wa use growth to 2.5 m as a griteripn for release,
because a rztrograssed-type individual continues b he
classifizd as retrogressed unkil it grows taller than 2.5 m,
We calculatz the height o release iH,‘] by subtracting
Hrw fram 2.5 m.



The number of years that would be required bo graw ta
release height [v,] is calculacad by

v, = H, / NAGR,

Having calculated y,, the question is: will the shoot surdve
lang enough ko grow that tall? This question can be
answered in two ways, First, one could determing the
maximum lifespan of other shoots grawing in the arca, Ify,
i5 unreasonably lange compared with that lifespan, it is
doubtful that the heavily browsed stem will Live long encwgh
to grow to 2.5 m.

There 15 o simpler appreach, Dead, intensely browsed
primary stems indicate that the heavily-browsed stems do
not survive long enough B giew to release haight,

Case study

AE 5ite 1 of the sample area, the average height of previous-
year-growth was 115 cm. W calculabe the height required
to grow taller than 2.5 m (H,} by

H,=250cm - H__
H, = 250 cm = 115 £m
H, = 135

We calculabe Ehe number of years required ta grow to

2.5 m by

¥, = H, / NAGE,

¥o=135cm S 4.9 cm fy

¥-zay
y, for sites # and 3 were calculated to be 43 and 35 years
respectivaly.
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Fiany shrubs in the 0.5 - 1.5 m size class contained dead,
intensely browsed primary stems. At the present growth
rata, it does nat seem likely that a primany stem could
survive long enough to grow ta 2.5 m tall

Unless browsing level changes, the willow community
will eventually consist of short heavily-browsed shrubs.
Tha guestion is haw mech tima will elapse befora that
accurs?

Estimating The Rate Of
Decline In Structural Diversity

Camsider the situation on the Wisdom Districk. At some
bime about 1991-1992, braweing intensity increaced fram
light-ka-moderate to intense. Some Geyer willow had
grown Baller than 2.5 m. But with a net annual growth
rate ranging from 4-ta-5 cmfy, it seems unlikely that
willows in the 0.5 - 1.5 m size class will reach 2.5 m kall.

As the taller willows die, the structural diversity of the
site will diminish, The willow camponent will then be
limited to diminutive hedges. The rate ak which
structural diversity declines is determined by tha
longevity of tall willows present at the site. How long
will the tall plants survive?

Tall coarse-barked treez may ba relatively insansitive to
the direct impact of browsing. Certain willows, such as
Bebb willow, alsa develap a coarse bark. Individuals that
are ald engugh ta have coarse bark when intensza
browsing beygins may survive for many decades. In these
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cases, maturity confers a degree of protectian from
browsing,

But in the case of the typical willow growth habit where
the shrub consists of many stems, maturity of the shrab
may hasten the decling of structural diversity in the
prasence of intense brawsing,

The ratianale far the abave interpretation is as fallows.
The stems of most willows are relatively short-lived.

A shrub parsists as an entity because oldar shoats are
replaced by younger ones as they die. Tall shrubs can
withstand intenss browsing for several years. While
ungulates may kil young shoots that amerge at the
periphery of the shrub, young shoots in the middle arz
mechanically protected from browsing.

Young shoots may readily devalop within the interior of
a young, sparsely-stemmed shrub. But with age, the
interigr may become crewded and young stems may not
ke able to grew within the protective canfines of tha
older stems, Shaoots that davelop zlong the less-crawded
peripheny are killed by hrowsing,

W ara not aware of research thet documants the lifespan
nf hazvily-browsed willows and so we cannot astimate
longewvity inwears, But if most of the tall willows an
heavily browsed site arg old and decadent, the
conversion bty a short-statured willow community may
occur in the near fukwra.
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Summary Of 5ample Area Condition

The condition of Sample Area 1 can be briefly
summarized.

1

.

Doiilas fir has been light-to-moderate broweed for
ceveral decadas.

. The recard of zspen browsing extends from about

1365 to Lhe present . Aspen was light-to-
moderately browsed until the mid-1939s, alter
which, browsing Increased to intensa.

. Geyer willow is currently inlensely browsed. The

intense browsing began about 1997,

The average net anaual giewth rate during the
present period of intense brawsing hos been 4.0
cm S year, Ak that growth rate, the Gayer stems
sampled in this sursay will requine an average of
35 years to grow o the releass height of 2.5 m.
Gever stems do not live that lang,

Unless conditions change, tall willows will be
replaced by short hoedges, Ulkimately the willow
campanent may be eliminazed.
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CHAPTER 8 e

MONITORING SHORT-TERM TRENDS

After conducting 2 surwey, a manager may wank to
menitor short-term trends, perhaps to corroborale the
findings of the survey or measure the effact of changes
in managemsnt,

The year-hy-year monitoring of permanently-marked

plants would ha & simple appreach to determine trends
in height-growth. We da nat have a dataset to present
a5 a case study, so we describe a hypothebical example,
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BROWSE SURVEY SEQUENCE

Qualitative Erowsing History I

134

Measure Current Browsing Level

Resilt:

Parcent plants intensely browsed.

Reconnaissance-level

i

Survey

Llevel Survey

Comprehensive-

Determina Historic
Browsing Level
Resilt-

1. Currgnt grovth rate
2. History

Place the Curment Condition
in a Histaric Context
Result:

1. Will olznts graw “tall?”

2 Is current situation unusual?

Document ongoing trend
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A Hypothetical Case Study

An area was surveyed in the yaar 2006 and, a5 a result, the
stacking rate was reduced prior ba the following growing
ceason. The survey indicated that intense browsing began
in the year 2000 and that the average NAGR From 2000
through the yaar 2006 was 4 cm /v,

Plants were measured for 11 and permanently marked so
they could be measured in subsequent years, As we are
primarily interested in whether or not the plant is growing
to typical stature, we would measure the tallest stem of the
shrub. Az a resulk, we nay mob measure the same stem each

Yaar,

Mote that thase are nok the same skams that were classifisd
during the survey. Thase stems were cut and sactiened.

The hypothetical datasel is presented on the follywing page
as it would appear in & spreadsheet,  For the sake of clarity
we Limil the example to three plants: in practice one would
LS Mo ampies,

The first column displays the year in which the data wera
taken, The mext thies columns labeled A, 3, and €
represent the plants From which the data were recarded.
The next three columns were used to calculate the nat
annual growth rate (NAGE) Tor the respective plant.

HAGR was calculated by subtracting the height in one year
from the helght in the preceding year. As a result, the
year 20048 cells in the NAGR columns are blank. The right-
mipsl calumn was used to calculate an avarage MAGR for
each year,
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PLART HEIGHT GRHOWTH RaTE
Year | A E c A 8 C Average
MAGR

2005 | 75 120 | 170

2007 | 100 180 | 210 (25 |30 |40 |32

2008 | 120 18y |20 (20 |30 | 1d |20

2008 | 14h pE0 | 2e) |22 |30 (40 | 30

2010 170 a0 2 | E0 30 A 33

The growth rate data are presented in tha greph on the
adjacent page. The growth rate of 4 cm /v fram the
year 2000 - 2006 was tha NAGR, determined during the
comprehensive-leval survay. The HAGE values from 2007
- 2010 were the annueal average valuas measured during
the short-berm monitoring program.
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From this graph it is apparent that the change in
management affacted growth rate. With values ranging
batween 20 and 30 om, it seems guibe likely that the
shrubs in this stand would grow to bepical stature.

BEURE D

Hal Annual Grewth Rala
-k

-
21 oo Gh

o e——

2000 | 2O0e | 200s | 2008 | 20AB | A000
Taar

& MAGH
G Averags MAGR during intense browsing
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Alcernatively, one could plot the average height that
was measured sach year. Such a graph is shawn belaw.
Howewer, height data will be biased by tha plants that
zra selected. Far axample, iF short plants {say 50 - 7%
cm tall] had heen selected for repeat monitaring, the
carresponding awerage values would be lower. But the
graph sheuld still indicate whether ar not the
management is likely t3 rasult in the grawth af trees
and shrubs to typiczl stature.

400

A
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- T T
2030 208G =010 M5
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= APPENDIX I

METRIC CONVERSION

1m = 304in = 1.E2R1ft
Tem = 0400

1/ = 03048 i

1ff = 35cm
1in = 2.54cm

The follawing metric values were used in this book;

G.0m = 20,0
25m = B2ft
15m = 491t
d5m = 14t
01m = G,3f

Mem = T9in

15 cm Ab.0in
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APPENDIX II =

ARCHITECTURE 5YMBOLS

Treas

Uninterrnpted-grawth type oo, ?
e
sy - R

Retrogressad-Type e

RE[EE!Eﬂ' I.!ﬂ:{ AEmEEEEEEEEEErErETses s caaaaadadadadadadaaad %

Shrubs

'Zg I: i)
Uninkarrupted-growth type

Arrected-type s

Retrogressed-typ  cuveeeeeees

a;wi{%‘
'R
=T LT = —
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APPENDIX III

NAGR,,,

Y

SYMBOLS AND FORMULAS
USED IN THIS BOOK

Symbols
Age af twig cluster {page 101)
Aga of skem [page 101)
Annual growth rate (page 100)

Duration of intensa browsing {page 103)

Duration of light-to-moderate browsing {page 112)

Height to current-year-growth (page 104)
Height to previous-year-growth (page 1100
Length of cluster (page 111)

Nat annual growth rate (page 113)

Net annual growth rate during pericd of
intenss browsing {page 113}

Het annual growth rate during period of Gyht-ta-
maderate browsing (page 212)

Yoar segment wes a terminal leader {page 95)
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) ) ) )
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¥a

Year intense browsing began (page 104}
Mumber of years required to grow to 2.5 m tall
(page 128]

Duration Formulas
D=4 -2

D= (B, -A) 41

Growth Rate Formulas
AGR=H__ /A
MAGR,, = (H,_- L}/ Dy,

HAGR, = L /Iy

Date Formulas
¥, = Collection year - Annual rings + 1
¥, = Collection year - A, + 2
¥, = Callection year - D

y. = H, / HAGR,
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INDEX o=

T g S |
amaskad-twpe e
released-EVPe cecemmmmmmm 42
(F T e T AT 46
symbols for oo Appendix 1T, 147
uninterrupbed-growth-type . E)
WHEN PIOBESE e e B

Annual FANEE e . L
collection of n:-:}res and s.u-:Lmns vrinsnanann G
counting of oo ﬂ:&
praparation of cores and sem-:ms canwannnnen S0

Brorwsi spacios
suitable fer method .. Rt heainar e AR |

preference by ungulatﬂ fn:lr 11?

Brorwsing
affacts of e 2
T T S I .|
utilization lewal . .....ooveeeeeeeeeeeee 12
clas=ification |:|F AT T
skeps for determ'in'ing ........................... 68
EVIdBNGE TOT vrvvrreis s inininnnsssnssnnensensennennr S8
Bud
lateral, terminal, and dormant ..., 21

Currenz-year-grawth (See skem.)

Data sheet, example af i 107




Formulas e Appandix ITT, 148

Growth rate
Annual growth rate (ABR) oo, 100
Net annual growth rate [MAGR) ...............e. 110
during interse browsing (NAGE) ..., 113
during light-ta-moderate brawsing
iN.ﬁ.GRm} T TPTPPPP b i

Height, provigus-year-grwth (H_ 1. 110

Histary of browsing
lang-tarm recanstruction af ... 118
OF 5IngLe UBe srmserererer s 37
qualitative e e a3
UANELALIVE wavemmssrnnnrenrerninis s esssssasass 91

Tntense bBrowsing
duration af {0,) cocoiniiin .. 100
year of beginning ) e 104

Inventory methods other than architecture-based

Cole mabhad ..ooocciiniiiinissssisiice e 11
Daubenmire meLIm:J vevererere 16
key area concept -[Dasrnann metl'-mijl e 10
Form ¢lasses ., SR |

1 3] [T+ O & |
key browse |, - — |
habitat ca'lj,nng capanty crmvmrnress 11
lime REEEEEPE L ssananananes o 15
methads, comparisan uf.... 1]’
Helsan methad o, 8
B-step MEthod i sssssrsrsroniss 16
Tt A T T S —— S L

15¢
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Mechanical protectian [Ses stem.)

Monitaring short-term trends ooceeeeen e, 133
Previpus-year-growth (See stem.)

Probability of attaining bypical stature........cveeeeeean 127

Sample
L U . |

Stem

=T [ P, .|
calculating elongation yaar of oo 95
classifying browsing leval of e 76
currant-year-growth (opg), identifying ......... 23
effect of Drowsing 0n wweeeesersrsrsrersrerrsrsrnnn £9
growth of unbrowsad - 23
height, effect on browsing covverererersrerrsininnn B8
height, previgus-year-grawth LT O &
mechanical pratection of ... 1
previsus-year-growth (pyg) ;azgrnenl: nf ........ 24
LT I (T4 2T T RS L1 |

length of (L) crceeniiniiiniiiiiaian, 111

Structural divarsity, rate of decling coooooiiieiiiainnn. 124

Utilization
methods, compansen of s 13
mekhods of Measuring wssss———— 12
LT T Ty T . |
twigs, measuring diamebar af oo 14
twigs, measuring length of ... eeeeeeeenees 14
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